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P r e f a c e
This report contains the results of applying the multiregional
input-output (MRIO) model to a study of the impact of national health
insurance in Massachusetts.

Two previous papers written by Ruth Rowan

should be used in conjunction with this one.

In the first paper

entitled "Meeting State and Area Occupational Information Needs:

The

Industry-Occupational Matrix System," an explanation and documentation
were presented of the national/state industry-occupational matrix
system:

what it is and how it is presently designed to provide

national and state employment projections.
"Industry Employment Projections:

In the second report entitled

An MRIO Model Simulation," the MRIO

model was used to project industry employment for 3 regions and 80
industries.

The 3 regions are:

Massachusetts; the other New England

states--Connecticut, Rhode Island, New Hampshire, Maine, and Vermont;
and the rest of the United States.

The 80 industries include 79

detailed input-output industries plus the "household industry," which
in this study is treated as an endogenous industry.
In the present report, the six major proposed national health
insurance plans are reviewed and the employment impact on the state
of Massachusetts of a national health insurance plan is determined.
A draft of this paper was reviewed by the members of the staff at
the Massachusetts Employment Security Agency.

Wherever possible, their

suggestions were incorporated into this version of the paper.

Construc-

tive criticism of the material presented would be appreciated.
Karen R. Polenske
Multiregional Research Project
Department of Urban Studies and Planning
Massachusetts Institute of Technology
September 1977
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THE MRIO MODEL AT THE RESEARCH-POLICY INTERFACE:
THE IMPACT OF NATIONAL HEALTH INSURANCE ON MASSACHUSETTS
by
Ruth E. Rowan
The purpose of this study is to use the multiregional input-output
(MRIO) model to estimate the impact of a program of national health
insurance on Massachusetts employment.

Its goals are twofold:

(1) to

describe in general how the model can be used to study the regional and
industrial effects of an economic impact; and (2) to apply this method
to a specific program, the implementation of national health insurance.
National health insurance was chosen as the subject of the impact
study because it is a timely topic and because the health-care and
medical-supply industries are important to the Massachusetts economy.
The MRIO model can be used to illustrate the relationship between the
direct effects of a program, such as national health insurance, and the
indirect effects, in this case the impact on the medical-supply industry.
The MRIO model thus can provide the information essential for an
assessment of the effect of the program on the Connnonwealth.
An overview of the estimation process is shown in Figure 1.

study consisted of four phases:

The

(1) modeling a change ' in regional final

demand, (2) calculating direct employment, (3) estimating induced investment in medical equipment, and (4) applying the MRIO model to the estimated
change in demand to determine the change in employment by industry.
The paper is organized into four sections.

In the first three

sections, the theoretical economic responses, the possible methods for
estimating the responses, and the method that was chosen are discussed.
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In the final section, the results of the study are examined and
evaluated.

Technical notes are included as appendices.

THE EFFECT OF NATIONAL HEALTH INSURANCE ON DEMAND
The impact of national health insurance (NHI) legislation
depends upon several factors--the coverage and financing provisions of
the law finally implemented and the economic responses to both the
demand for health care and the supply of physicians, health personnel,
and medical facilities.

In this section,a comprehensive overview of

the impact is provided by (1) reviewing various bills before the 94th
Congress and specifying the provisions of each; (2) discussing the
economic factors, their impact on the economy as a whole, and how they
would affect consumption of health services; (3) describing various
economic studies of the national response to NHI; (4) comparing present
health care in Massachusetts with that in the United States; (5) formulating a model for a state response based on the national estimates;
and (6) calculating the change in demand for health services for
Massachusetts and the rest of New England.
National Health Insurance Proposals
There have been over 20 bills before the 94th Congress
proposing some type of NHI.

Most of the bills have been proposed

before; NHI has been considered by the Congress for more than 60 years [13].
Because many of the bills have virtually the same provisions, the
discussion will be limited to six that have relatively different
provisions; the actual plan, if implemented, will no doubt be some
variant of these six plans.

- 4 The six plans, identified by their sponsors and by short
references, are:

(1) Waggoner-Long-Ribicoff bill (Catastrophic

Insurance), (2) Mills-Schneebeli-Packwood bill (CHIP), (3) BurlesonMcIntyre bill (Health Insurance Association of America--HIAA),
(4) Fulton bill (American Medical Association--AMA), (5) Ullman
bill - (American Hospital Association--AHA), and (6) Corman-Kennedy bill
(Health Security).
One of the provisions of most national health insurance
proposals is some catastrophic protection, which covers all expenses
beyond a certain amount per year.

The Catastrophic Insurance plan

specifies that all costs be paid after the first 60 days of hospital
care and $2,000 of medical expenses.

This plan is not intended

to replace private insurance but rather to supplement it.

The former

administration plan, CHIP, and the HIAA plan have similar dollar limits
in out-of-pocket costs for most insurees, the Ai.'1A and AHA plans have
maximum out-of-pocket cost limitations related to income (about 10
percent), and the Health Security plan has essentially no limit on
care.

In other words, all of the six plans provide catastrophic coverage,

although in differing degrees.
Coverage of the population varies among the proposals.

While

the Health Security bill covers the whole population, as does the
Catastrophic Insurance bill, the other bills cover only those employed,
in addition to the poor and aged, leaving some gaps in coverage.
Cost-sharing provisions of the proposals range from no costsharing under the Health Security bill to no first-dollar coverage at

-
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all under the Catastrophic Insurance bill.

Cost-sharing provisions

of the other four proposals consist of coinsurance of about 10 to 25
percent up to a certain limit with deductibles ranging from $0 to $200.
Coverage of medical services varies somewhat with each proposal,
especially for outpatient psychiatric care, dental care, drugs, and
preventive care.

All bills, with the exception of the Catastrophic

Insurance bill, provide coverage for hospitalization and most physicians'
services.

In fiscal year 1976, with no program of national health

insurance, 10 percent of the cost of inpatient care, 39 percent of
the cost of professional services (doctors, dentists, etc.), and
88 percent of the cost of drugs, eyeglasses, and appliances was
paid out of pocket [23].

Thus, the coverage in the proposed legislation

reflects the existing pattern in present health-care third-party
payments.
Financing provisions also vary.

In the AMA proposal, tax

credits are suggested for expenditures against personal tax and
corporate tax deductions, while the HIAA, CHIP, and AHA plans are all
financed through premiums shared by the employer and employee, with
government subsidy of low-income and aged people.

The Catastrophic

Insurance and Health Security plans require payroll tax financing
supplemented with general revenues.

Typically, proposals that provide

separate coverage for the poor do so through general revenues and
include some element of state financing, as well as federal, as is the
case with present Medicaid financing.

-
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One important aspect of the proposals is the provision for
cost control.

All six proposals have some form of cost control or

review of charges.

The same controls on reimbursement as are now

exercised under Medicare are included in three, and means of
establishing state review boards to regulate costs are included in
two, while all cost setting is to be performed by regulatory bodies
(there are no patient charges) under the Health Security bill.
For a more complete discussion of the NHI bills, see National
Health Insurance Proposals (34].

For a description of the provisions

and cost of the six bills just outlined, see "A Comparison of the
Costs of Maj or National Health Insurance Proposals" (23],

and for a

more complete analysis, although outdated, see National Health
Insurance:

Benefits, Costs, and Consequences [ 5 ].

Economic Consequences of National Health Insurance
A national health insurance program will affect the U.S. economy
in many ways:

the health industry and health occupations will be

affected; through interindustry interactions other industries will be
affected; and further macroeconomic effects will be felt, depending
upon the financing and upon the reallocation of resources the program
brings about.
The impact on the health-services industry depends in part upon
the response of individuals' demand for health services to lower
effective costs (that is, higher third-party coverage).

In other words,

the change in demand for health services will be related to both the
magnitude of the change in effective costs and to the elasticity of
demand with respect to these costs.

- 7 The change in effective costs depends upon the difference
between the present level of coverage of the population and the coverage
legislated by an NHI program.

Coverage has several dimensions:

the

percentage of the population covered by insurance, the specific
services that are covered (for example, hospitalization and dental
care), and provisions for copayment by the insuree--deductibles, coinsurance,
maximum out-of-pocket payments, or limitations on insuree's liability.
Any factors that reduce the cost to the individual will tend to
increase demand, but different factors will have different aggregate
elasticities and will affect specific services differently--for example,
a catastrophic provision to limit out-of-pocket expenditures could be
expected to have more impact on demand for long-term care facilities
than on, say, demand for dental care.
Supply of health services may not meet the full increase in
demand (for supply elasticity less than infinity, demand elasticity
greater than zero).

Because of temporary shortages in specific health

occupations or facilities, prices may rise in the short run, dampening
the increase in demand (a price-rationing mechanism for services).

For

physicians' services, with a fairly fixed supply due to long training
periods for doctors, the rise in prices may simply result in high~r
incomes, with no increase in the quantity of services provided.

For

hospitals or nonprofit institutions, services of marginal benefit
(equipment, personnel) may be added, which will raise the cost of care
in the same manner as private physicians raise the price, without

-
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significantly expanding the supply of care available.

In the long run,

expansion of supply of both personnel and facilities should moderate
short-term inflation.
An increase in demand for health services will affect both
existing health-care personnel and the training of new personnel.

If

NHI creates an increase in demand while the supply of health
practitioners remains constant, responsibility for performing routine
tasks will tend to shift to less-skilled workers.
equipment may replace some labor.

Additions to capital

Despite these short-run substitutions,

there will tend to be an increase in demand for health-care personnel
of all types.
Cost-control measures incorporated into the law can moderate
the price increases; however, they can result in excess demand, which
will require some form of rationing.

The time-cost of receiving

health care may increase, moderating demand by increasing queues for
medical services.

Cost-control measures can take different forms,

limiting either total service payment or reimbursement to the insuree.
In the former case, some type of rationing would have to be instituted
since excess demand would persist.

In the latter case, price rationing

would still be effective, as increasing co~ts to insurees would reduce
demand and increasing prices would expand supply.
Demand for health services will affect several industries.
Purchases of equipment and supplies will increase, not only because
of increased demand, but also because of a substitution of capital

- 9 -

for personnel in short supply.

Construction and capital equipment

will be required for new facilities.

The health education industry

must expand to train the necessary personnel.
The aggregate impact on the economy is difficult to ascertain
and will depend upon specific provisions of the legislation chosen.
The manner in which the cost of the insurance is financed may be as
crucial to the analysis as induced medical care demand.

In addition

to the aggregate effect, all the insurance proposals will have some
redistributive effect.
Specific coinsurance provisions may affect the poor more than
those people with higher incomes.

For example, it is argued that

if all the population were covered by a uniform plan with $50
deductible and 20 percent coinsurance, demand would be lower than if
medical care were free [ 9 ].

However, the cost provisions would have

a much greater effect on low-income classes than on high-income classes;
the service foregone would not be the most unnecessary service
because high-income groups would be largely unaffected, while lowincome groups would curtail needed but costly medical services.
Availability of services and nonmonetary costs can also affect
distribution.

Avail'ability of services has been shown to "create"

its own demand [7]; even with free comprehensive care, if physicians
concentrate in high-income areas, the effect is less care for the
poor [ 5 ].

On the other hand, institution of free comprehensive care

may increase the time-cost of care, thus reducing utilization by families
with high incomes [20].

- 10 -

Financing provisions will affect aggregate demand, employment,
and income distribution.

In some proposals, funds will be provided by

general revenues and payroll taxes, while in others, premiums paid
in part by employers and in part by recipients provide the principal
financing.

Most have provisions for government subsidy of the poor

and the aged, either by financing premiums or by financing copayments.
One important issue in financing is to what extent the state must support
the program and whether the level of benefits is determined at the
federal or state agency level.

If greater state financing is required,

NHI would have a serious negative impact on heavily taxed states,
like Massachusetts, that might have to cut back other services or
increase taxes in order to finance NHI.

Such financing schemes affect

the spatial economic consequences; further, they give incentive for
officials in the state to set lower levels of benefits, as with Medicaid,
if they have the prerogative.
In terms of income distribution, a premium system is the most
regressive, and reliance on federal general revenues is the most
progressive.

However, because of the low-income provision included

in most of the bills, this generalization is not true throughout
the entire range of incomes.

Thus, depending upon how NHI is financed,

it may affect income distribution.
some macroeconomic effect.

In addition, any scheme will have

For instance, it has been estimated that

employer-paid premiums will tend to lower employment, as employers
prefer paying overtime to incurring the fixed cost of hiring more

- 11 workers [18].

Besides the impact on the private sector, the effect

will depend upon government financing.
other programs, the effect is not clear.

If the expenditures replace
If they are financed

without an increase in taxes or offset to expenditures, they should
have some expansionary/inflationary effect.

Cost-containment proposals will certainly have an impact on
inflation.

Most proposals have fairly weak forms of control (for

example, Professional Standards Review Organizations), allowing either
the pass-through of costs for hospitals or charging the going rate for
physicians' services.

The inflationary impact should, however, be

confined to the medical services sector because of nonsubstitutability
of other services for medical care and because medical care is largely
a final good.
While all the aforementioned factors can affect the economic
transition to NHI, forecasting all the components is beyond the scope
of a single study.

Studies have been undertaken that attempt to

measure some of these effects at the national level.
Studies of the Economic Impact of National Health Insurance
Several studies concerning the impact of NHI on the health
services industry are available.

Five of these are reviewed here in

order to illustrate the methods of analysis employed in each of the
various studies, the underlying assumptions, and the aggregate results.
While none of the studies deal with demand at the state level, they all
serve to explain the functional relationships and to illustrate what
might be undertaken at the state level to estimate subnational demand
if more information were available.

- 12 The five studies reviewed include two by Martin S. Feldstein:
"Hospital Cost Inflation:

A Study of Nonprofit Price Dynamics" [7] and

"The Rising Price of Physicians' Services" [8].

In these studies,

the author investigates the pricing behavior of hospitals and physicians
and estimates the effect that increasing insurance coverage has on
medical inflation.

He views supply behavior of hospitals and doctors

as not following a profit-maximizing model.

However, in neither of

the studies does he explicitly relate the change in demand to the
change in insurance coverage.
In the study on hospital cost inflation, he assumes that
hospitals, as nonprofit institutions, do not maximize profit or
surplus, but have several "utility" variables.

Hospital administrators

have a target occupancy-rate, well below 100 percent, that they try to
maintain.

They are also under pressure from doctors and service

departments to increase the quality of care by purchasing more equipment
or adding more staff.
The estimation model is used to relate demands for hospital
care--a function of admissions and length of stay--to price,income,
availability of services, and several other parameters.

The price

variable was the expense to the patient and included _estimation
of the insurance coverage of the population, estimates of the differing
utilization of the insured versus the uninsured, and gross price
increases in hospital care.
The sample used for the demand model was annual state data
from 1958-1967.

The price adjustment, or supply side, was included in

- 13 -

the demand equation as a lagged variable.

A major finding of the

study was that the insurance coverage of the population was a significant
variable in affecting the cost of hospital care.

In two of the three

equations estimated, increased insurance contributed to more than
half the price increase, while in the third case it contributed about
16 percent.

Because increased cost of hospital care results from

higher quality of care, this finding indicates that an increase in
insurance coverage will result in larger hospital expenditures for
medical equipment and for health-care personnel.

It also implies

that e4Penditures on these items will not increase in proportion to
demand, but that a greater proportion of hospital costs will be
devoted to them as a result of higher demand.
In "The Rising Price of Physicians' Services," Feldstein
explains the cause of inflation in physicians' charges and measures
the change in quantity of care delivered.

As with the hospital

inflation study, patients who are not insured do not pay the gross price
of care.

In the case of hospitals, they paid 42 percent, while for

physicians' services, they paid, on the average, 69 percent.

Physicians

intentionally charge insured patients a "customary price" and charge
uninsured patients lower prices.

Thus, an increase in insurance

coverage will raise the price of physicians' services even if there
is no demand induced by the coverage.
The sample chosen to estimate the demand equation was annual
national data for the period 1948-1966.

Demand was measured as

personal expenditures for physicians' services, deflated by change in

~

- 14 average prices.

Demand was related to changes in insurance, price,

and per capita income; it was clear from the relationships, however,
that the estimated relationships were not demand relationships.
Empirical evidence reveals excess demand during the sample period, which
may account for the absence of a demand relationship.

Feldstein

believes that physicians, by dictating both price and quantity of
care, intentionally maintain excess demand.

He estimates that a one

percent increase in insurance coverage is offset by a 0.3 percent
increase in price.

He also finds, somewhat surprisingly, that doctors

work less as the price for their services increases; this unusual
relationship implies that if the price goes down, or is controlled,
the supply of physicians' services will increase.
In their study, "Policy Options and the Impact of National
Health Insurance," the authors, Newhouse, Phelps, and Schwartz, estimate
the increase in demand likely to result from a prototypical program of
NHI [20].

Demand is estimated separately for two categories of

services--inpatient care, which includes hospital and inpatient
physician services; and ambulatory care, which includes physician
and outpatient care.

They then estimate the response of demand for

these two categories under two separate plans:

one plan requiring

coinsurance of 25 percent, the other providing full coverage. " For
each of these categories, a conservative and a liberal estimate of
the demand change is made.

Unlike Feldstein's study, this study

includes no estimate of the supply response.

Thus when a change in

health expenditures is projected, it is simply a quantity demand response
and does not attempt to measure the inflationary effect on the healthservices industry.

- 15 The methodology depends on several surveys of consumer response
to changes in coinsurance.

The authors extrapolate these results

and make assumptions about likely coinsurance rates of populations
in order to estimate the impact of a uniform policy such as NHI.
One of the assumptions is that there will not be constant elasticity
responses, but rather that the demand response will be linear with
the percentage of coinsurance.
Adoption of an NHI plan with 25 percent coinsurance was
estimated to increase demand for hospital services from Oto 8 percent
and for ambulatory care from 25 to 45 percent.

The estimates for the

full coverage plan are from 5 to 15 percent for inpatient care and
from 60 to over 100 percent for ambulatory care.

The addition of

catastrophic coverage to the 25 percent coinsurance plan is shown to
increase demand very little.
In "A Comparison of the Costs of Major National Health
Insurance Proposals" [23], Gordon Trapnell compares the cost of six
major national health insurance bills--those reviewed in the previous
section.

By examining the provisions of each proposal, he estimates

the coverage, financing, induced expenditures, and other aspects of
each of these bills.

In order to avoid short-run adjustment probiems,

he estimates the effects of each bill in 1980 as if it were passed
in 1976.
Induced demand was estimated apart from any changes in price
and was assumed to be related to a change in out-of-pocket costs.
Rather than statistical estimation, a set of "induction factors,"

- 16 the composite change from a variety of factors, is given.

Using these

factors, a percent increase in demand is assumed as a response to transferring costs from direct to third-party payment.

For example, the

induction factor for inpatient services is 25 perc -:::nt; if $1 billion of
direct expenditure for inpatient services is transferred to a thirdparty payment, $250,000 of demand for inpatient care will be induced.
Besides induced demand, changes in expenditures we-~e estimated for
administration, cost limitations, utilization cont r ols, full payment
for present public programs, and other categories f or each of the bills.
The six proposals examined did not vary gr ,,~tly in their impact
on health spending.

The Catastrophic Insurance bi l l, which had the

smallest impact on total health expenditures, was est .t.mated to increase
annual expenditures by $7.9 billion, while the AHA bill, which had the
greatest impact, increased expenditures by $20.2 billion.

These

represent a 4 percent and an 11 percent increase, respectively , over the
projected 1980 expenditures without NHI of $180.2 b1llion.

For

induced demand alone, the estimates ranged from $2.9 billion for the
Catastrophic Insurance bill to $16.9 billion for the Health Security
bill.
In "The Effect of National Health Insurance on the Price and
Quantity of Medical Care" [9 ], Martin Feldstein and Bernard Friedman
examine the effect on price and quantity of health care under two
prototypical programs of national health insurance.

The framework of

analysis is that of a market situation, with demand a function of
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I

monetary and nonmonetary cost and supply functioning in a manner

t

similar to that described in the two articles by Feldstein previously
reviewed.
Both of the two plan::; proposed have provisions for deductibles
and coinsurance:

NHI Plan 1 has a $50 annual deductible each for hospital

care and medical care and a 10 percent coinsurance rate for both
services; NHI Plan 2 has thE same deductibles, but coinsurance of
20 percent, plus a catastro0hic provision, limiting annual out-of-

pocket costs to 10 percent •~. f family income.

Because of the nonlinearity

of direct costs to total cu•, ts, estimation using an aggregate demand
function was felt to be ina~ :'ropriate.

The effect of the plan on

demand was estimated through a microsimulation model, using a survey
of family health expenditures of employees covered by Aetna insurance.

1

Price elasticities of demand for hospital and medical care were assumed,
not estimated, as were zero c·ross-elasticities and the effect of
nonmonetary cost.

The model simulated the effect of deductibles and

coinsurance on individual family out-of-pocket expenditures, given
the assumed elasticity and based upon their performance under Aetna
high-option coverage.

The experience of the sample of Aetna families

was extended to the wnole population using demographic data from the
Current Population Survey.

The effects of the plans are calculated

assuming a set of "moderate" demand elasticities of 0.5 for hospital
care and 0.4 for medical care and a set of "low" elasticities, half the
size of the moderate elasticities.

1

This model is similar to cne currently being used by the Social
Security Administration's health insurance modeling group.

- 18 Different elasticities of supply were also assumed.

The

quan~ity and price response for each plan and each set of elasticities
was measured for supply elasticities of 0.2, 0.8, and infinity.

In

addition, Feldstein's model of hospital and physicians' behavior,
discussed previously, was used, relating change in price to change in
net price to patients and assuming a supply elasticity of 0.0 for
physL;ians' services and O. 5 for hospital services.
The effect of NHI is thus estimated for two plans, two demand
elas ;• icities, four supply responses, and two types of care.

The

grea i ~St impact on the quantity of care is an increase of 38 percent
over

~~e

baseline simulation for NHI Plan 1 under the most liberal

assumption of "moderate" demand elasticities and infinite supply
elasticity.

The greatest impact on health expenditures resulted from

NHI Plan 2 when moderate demand elasticities and supply elasticities
of 0.2 are assumed.

This impact results in an increase in expenditures

of 88 percent, 20 percent of which is an increase in quantity of care,
the rest being inflation.
Health Care in Massachusetts
A program of national health insurance will affect consumption
in each state differently, depending upon the level of health services
already prevalent and how that will be affected by a uniform insurance
program.
Table 1 shows the expenditures for health services in Massachusetts
as compared with those in the United States as a whole; in Table 2, the
distribution of those expenditures is compared.

Except for physicians'
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Table 1
COMPARISON OF MASSACHUSETTS AND U.S. HEALTH EXPENDITURES

Massachusetts

United States

$4,229

$.1 14, 652

Per capita expenditures

$726

$538

Per capita expenditures as a
percentage of personal income

11.8%

9.2%

Out-of-pocket costs as a percentage of
total expenditures, fiscal year 1973

32.6%

34.4%

Total expenditures, fiscal year 1975,
(in millions)

SOURCES:

Gibson, Robert M., and Marjorie Smith Mueller. "National
Health Expenditures, Fiscal Year 1976." Social Security
Bulletin, Vol. 40 (April 1977), GPO.
Massachusetts, The Commonwealth of, Health Planning and Policy
Connnittee. Health Care Expenditures in Massachusetts.
Boston, April 30, 1976.
Worthington, Nancy L. · "National Health Expenditures, 1929-1974."
Social Security Bulletin, Vol. 38. U.S. Department of
Health, Education, and Welfare, Social Security Administration.
GPO, 1975.
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Table 2
DISTRIBUTION OF MASSACHUSETTS
AND U.S. HEALTH EXPENDITURES, FISCAL YEAR 1973
(as a percentage of total health spending)
Massachusetts

United States

Hospital care

41.6

41.2

Physicians' services

14.S

20.0

Dental care

6.0

6.6

Other professional

1.2

2.1

11.6

10.2

Eyeglasses and appliances

1.9

2.2

Nursing-home care

8.9

7.5

Adm:!.nistration

7.0

4.3

Other health (government public
health)

7.3

5.9

100.0

100.0

Drugs

Total health expenditures

SOURCES:

Gibson, Robert M., and Marjorie Smith Mueller. "National Health
Expenditures, Fiscal Year 1976." Social Security Bulletin,
Vol. 40 (April 1977), GPO.
Massachusetts, The Commonwealth of, Health Planning ·and Policy
Committee. Health Care Expenditures in Massachusetts.
Boston, April 30, 1976.
Worthington, Nancy L. "National Health Expenditures, 1929-1974."
Social Security Bulletin, Vol. 38. U.S. Department of
Health, Education, and Welfare, Social Seucrity Administration.
GPO, 1975.

- 21 services, the distribution of expenditures among the different types
of health services in Massachusetts does not differ greatly from that
for the United States.

2

However, the per capita expenditures in

Massachusetts of $726 are significantly higher than the $538 in the
United States.

While per capita income is slightly higher in Massachu-

setts than in the United States, medical expenditures still constitute
a significantly higher percentage of personal income in Massachusetts
than they do in the United States as a whole.

Estimated out-of-pocket

costs in Massachusetts are somewhat lower as a percentage of total
expenditure than the comparable figure for the United States (32.6 percent
compared with 34.4 percent), but per capita out-of-pocket expenditures
are higher in Massachusetts.
There may be several reasons for higher spending··on medical
services in Massachusetts.
cannot.

Some of them can be measured and some

One possibility may be the demographic mix.

Massachusetts has

a slightly higher percentage of residents over 65 than does the nation
as a whole (11.4 percent compared with 10.3 percent) [26].

Medicare

coverage of the aged is fairly uniform--98 to 99 percent for both
Massachusetts and the United States [22].

On the average, per capita

health spending for those over 65 is 363 pe~cent of per capita health
spending for those under 65 [19].

2

However, this difference would only

The figures for Massachusetts, taken from Health Care
Expenditures in Massachusetts [17J, are based on a flow-of-funds
project for 1973. The considerable difference in expenditures for
physicians' services between Massachusetts and the United States may
be simply due to an under-reporting of these expenditures in
Massachusetts. The estimates are being recalculated, and major
revisions are anticipated.
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account for Massachusetts being about 3 percent higher per capita in
the aggregate; whereas, per capita expenditures were actually 30
percent higher in 1975.
Another possible explanation is the higher insurance coverage
of the population.

As Table 3 indicates, a significantly larger

proportion of the population in Massachusetts is covered by hospital,
surgical, and regular medical expense ins.urance.

Only for major

medical insurance does Massachusetts lag behind the rest of the
country.

In terms of per capita benefits paid, the level in

Massachusetts is $153 compared with $128 for the United States [14].
It has been estimated that the utilization of physicians' services
by those insured was 1.3 times the utilization by those with no
insurance, and the comparable figure was 1.2 for hospital care [ 7; 8].
With approximately 8 percent more of the population covered by
hospital and surgical insurance and 10 percent more covered by medical
insurance, this would indicate a demand about 2 percent higher for
Massachusetts than nationally.
Another factor that may affect the demand in Massachusetts is
the availability of services, that is, availability may create its
own demand.

Table 4·has some statistics for hospitals in Massachusetts

compared with those in the whole country.

While no clear conclusions

can be drawn from these data, Massachusetts does have an overall
higher ratio of beds to resident population than the United States
as a whole.

By disaggregating the statistics into short-term and long-

term care, a more accurate picture can be constructed.

Massachusetts
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Table 3
COMPARISON OF MASSACHUSETTS AND U.S. HEALTH INSURANCE
COVERAGE FOR POPULATION UNDER 65, 1975

Type of Coverage

Massachusetts
(percent)

Hospital expense

97.7

91. 7

Surgical expense

90.8

87.9

Regular medical expense

93.3

84.5

Major medical expense

40.7

50.0

SOURCE:

Health Insurance Institute.
Data, 1976-77. New York:

United States
(percent)

Source Book of Health Insurance
Health Insurance Institute, 1976.
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Table 4
COMPARISON OF MASSACHUSETTS AND U.S.
HOSPITAL STATISTICS FOR 1975

►

~

.Massachusetts

United States

Beds per capita
Long-term general, other special
Short-term general, other special

8.6/1000
1.2/1000
4.6/1000

6.9/1000
.2/1000
4.4/1000

Admissions per capita, all hospitals
Long-term general, other special
Short-term general, other special

166/1000
2.2/1000
155/1000

170/1000
0.5/1000
157/1000

Inpatient days per capita, all hospitals
Long-term general, other special
Short-term general, other special

2.5
351/1000
1.3

1.9
72/1000
1.2

Average stay, all hospitals
Long-term general, other special
Short-term general, other special

15.1
157.0
8.5

11.4
149.0
7.7

Occupancy rate, all hospitals
Long-term general, other special
Short-term general, other special

80.3
82.4
78.3

76.7
82.1
74.8

1.5

1.2

Full-time personnel per capita

20/1000

14/1000

Payroll expense--per capita
--inpatient day

$196
78

$127
66

Other expense--per capita
--inpatient day

$141
56

$101
53

Plant and equipment--per capita
--inpatient day

$255
102

$191
99

Outpatient visits per capita

Skilled nursing facilities--beds per
thousand Medicare aged or disabled
enrollees
Non-federal physicians per capita
Revenues--per inpatient day
--per outpatient visit
SOURCES:

15.8

12.6

1. 77/1000

1.30/1000

$179
33

$142
26

American Hospital Association. Hospital Statistics, 1976 Edition (2].
U.S. Bureau of the Census. Statistical Abstract of the United
States, 1976 (97th Edition) . (26].
U.S Department of Health, Education, and Welfare. Medical Care
Expenditures, Prices, and Costs: Background Book . [32].

- 25 has a slightly higher ratio of short-term beds per capita (4.59 per
1000 compared with 4.44 per 1000 for the United States) and a significantly longer average stay (8.5 days versus 7.7), resulting in higher
occupancy rates in Massachusetts (78.3 percent versus 74.8 percent).
Feldstein estimates that availability of hospital beds has an effect
on both admissions and average stay, but the effect is much smaller
than that shown for Massachusetts [7].

It has been hypothesized that

the predominance of teaching hospitals in the state accounts for the
longer average-stay statistics.
For long-term care, the beds-per-capita ratio for Massachusetts
is 1.17 per 1000, almost five times the ratio for the nation as a
whole.

Occupancy rates and average stay are comparable to national

figures, while the number of admissions per 1000 population is almost
five times that of the nation.

Two possible explanations for this may

be the higher proportion of the aged in the state and the use of
\

facilities by out-of-state patients.
accounts for the size of the gap.

3

Neither of these, however,

Another plausible explanation is that

because long-term hospitals are only one type of extended-care facility
(the most intensive), Massachusetts may have fewer nursing-home beds,
although comparative data on skilled nursing hom~ facilities in Table 4
seem to cqntradict this theory.
It is possible that the higher expenditures result from a
difference in attitude toward health care, or some unidentifiable

3
About 4 percent of Massachusetts hospital admissions are from
out of state [17].

- 26 factor.

Or it may simply be due, in part, to higher costs ($179 per

inpatient day in Massachusetts compared with $142 for the nation as a
whole).

These higher costs may reflect a more sophisticated level of

service,or higher prices,or some combination of the two.

In any

case, there is a significant difference in per capita expenditures,
and the amount cannot be e~lained as simple differences in demographic
composition and broader insurance coverage.
Modeling a Regional Change in Health Services
Ideally, in modeling a state change in consumption of medical
services resulting from NHI, factors such as the percent of the population
with insurance coverage, the comprehensiveness of present insurance
policies, utilization, supply of medical personnel, hospital bed
availability, and changes in income should all be taken into account.
However, despite the number of national studies done to estimate the
change, none is immediately applicable to the state situation.
Most of the relevant data on medical services and facilities
available at the state level are included in Tables 1-4 of this paper.
Private insurance data,shown in Table 3,are available by state, as well
as the number covered by Medicare and the number of Medicaid recipients.
Data on hospital costs, bed availability, and physicians, shown in
Table 4, are also available.
The Health Planning and Policy Committee for Massachusetts has
conducted a study on health-care expenditures in the , state (see
Tables 1-3).

These data are now being revised by the Office of State

Health Planning of the Commonwealth, and estimates for 1976 should be

- 27 completed sometime in late 1977.

However, the Massachusetts

expenditures data and the distribution by type of service and source
of payment that are now available are out of date and somewhat
unreliable.

The out-of-pocket costs were estimated as a residual

after subtracting payment by all other sources; thus, an error in
any of the payments or expenditures estimates will affect the estimates
of out-of-pocket costs.

Data from this study would be valuable in

studying the response to NHI; however, because of reliability problems,
they are not usable at this time.
The model chosen to estimate the Massachusetts response to NHI
is a demand-oriented model.

It is assumed that NHI will affect demand

in each state by extending coverage to the population not yet covered;
..

it is also assumed that the increase in consumption of health services
will be proportional to the change in coverage and will be dictated by
demand alone (with infinite supply elasticity).

The specific functional

form of the demand equation is:
t.FD

n
t.INS
FD
FD s = -I-N-/- * -6.-IN_n=Ss
s
n
INS
n

t.FD

where
FD is final demand for medical services;
INS is the number of individuals with medical insurance;
s (subscript) refers to a state variable; and
n (subscript) refers to a national variable.
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Toe function is essentially an elasticity of demand with respect
to insurance, but it is a macroeconomic rather than a microeconomic
concept--that is, the "insurance elasticity" is the total demand response
to an increase in insurance -coverage of the population, in the same sense
that an income elasticity is the aggregate demand response to an
increase in income of the population.

Tt is explicitly assumed that

this "elasticity114 is the same for each state as it is nationally,
that is,

6FD
n
FD
e

n

=

6FD
FD

n

6INS
INS

n

s
s

= b.INS
s
INS

n

s

The elasticity can be estimated for different types of services for
which insurance data are available.

In this case, hospital and medical

services are estimated separately, as separate data for private health
coverage and Medicare exist for these two categories.
A demand model was chosen in preference to a market model with
a supply response for two reasons.

First, one purpose of this study

is to provide estimates of industry demand in order to plan occupational
training programs to meet this demand.

Thus, although in the short run

there may be supply constraints and excess demand, a goal of employment
planners is to anticipate excess demand and provide a smooth transition
to an equilibrium condition by expanding the labor supply in the

4

strictly speaking, an elasticity applies only to marginal
changes. Toe en estimated is not a small change, since it is the national
change due to NHI. The functional form, however, is similar.

- 29 appropriate occupations.

The second reason a supply response model

was not chosen is that the type of supply response will depend upon
the pricing provisions of the specific law enacted.

If prices are

controlled, medical services will be rationed; either a planned
rationing mechanism will be effected, or an unplanned mechanism will
evolve.

As was demonstrated by Feldstein, when supply is included

and no price controls are assumed, the response depends upon such
variables as availability of facilities and physicians [ 7 ].

The

uncertainties surrounding the supply response and the control
mechanisms legislated would make an estimated supply constraint so
uncertain as to be useless.
A microsimulation approach, such as that demonstrated by
Feldstein, was not undertaken because of the absence of . ·a sufficient
sample for Massachusetts.

In any case, its only advantage over an

aggregate measure was the ability to measure the effect of specific
deductible and coinsurance provisions explicitly [ 9 ].

While an

important finding would be that the insurance coverage for Massachusetts
residents is significantly more or less comprehensive than that for
the nation as a whole, the Feldstein sample did not deal with that issue.
Newhouse, Phelps, and Schwartz utilize average coinsurance
rates (out-of-pocket to gross expenditures) in their estimation of
the demand impact [20].

While this statistic exists for Massachusetts,

the figure is aggregate and appears unreliable.

For this reason,

insurance coverage figures consistently available for each state were
preferred.
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Because of the nature of the demand response equation, the model
used for the present study has several limitations.

It is implicitly

assumed that the present difference in per capita expenditures among
the states is a function of more than just the differing insurance
coverages and that the residual difference will persist after the
institution of NHI.

In other words, an initial equilibrium state, or

at least a stable disequilibrium in terms of state distribution, is
assumed to exist.

It is also assumed that supply constraints will not

be a determining factor--for example, that education and employment
training programs and facilities construction will meet new demand.
Further, it does not deal with a dynamic, or lagged, demand adjustment.
By using published figures on insurance coverage to distribute
regional demand, it is assumed that the distribution among levels of
comprehensiveness is constant among the regions.

Further, it is

assumed that demand from out-of-state patients will correspond with
the insurance coverage of the population of the state supplying the
medical services.

While this last assumption is clearly unrealistic,

only 4 percent of the demand for hospital care in Massachusetts is
from out of state presently, so the difference is not significant [17].
The national study used as a basis for the state estimates is
the Newhouse, Phelps, and Schwartz study [20].
was chosen because:

This particular study

(1) the methodology underlying estimates was

well documented, and (2) it attempted to provide comprehensive estimates
rather than simply setting up an econometric framework and assuming

- 31 elasticities.

As already mentioned in this report (pages 14 and 15),

changes in demand for inpatient care and for ambulatory care (hospital
and physicians' outpatient) are estimated in their study under
"conservative" and "liberal" assumptions of demand response and for
both full coverage and 25 percent coinsurance plans.
It is important to emphasize the generality of the method used
to allocate demand to the states.

The particular national study

chosen does not measure the impact of a specific bill, but rather a
possible coinsurance structure.

However, the state distribution

framework can be used with any national estimates of NHI impact.
For example, a recent HEW study on -the effect of CHIP [31] or some
future study estimating the effect of a new NHI proposal by the Carter
administration could be used.
The first step in estimating the change in final demand is
getting base-year estimates of health-care expenditures and insurance
coverage rates for the three regions:

Massachusetts, the rest of the

New England states, and the rest of the United States.

Because of the

availability of data for only certain periods, what is considered the
"base year" may vary.

The data are then adjusted to a consistent

base year.
Table 5 gives total estimated health-care expenditures for
fiscal 1975 for the three regions.

For Massachusetts, the hospital

share was estimated using published statistics [ 2 ], while the
expenditures for physicians' services and other health care were
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Table 5
ESTIMATED 1975 EXPENDITURES FOR HEALTH CARE
(millions $1975)

Hospitals
Physicians' Services
Other Health Care
TOTAL

SOURCES:

Massachusetts

Rest of
New England

$2,100

$1,600

$ 44,524

664

760

21,501

1,465

1,440

40,598

$4,229

$3,800

$106,623

Rest of the
United States

Calculations done for this paper in addition to:
American Hospital Association. Hospital Statistics, 1976
Edition. Chicago, Illinois: American Hospital Association,
1976.
Massachusetts, The Commonwealth of, Health Planning and Policy
Committee. Health Care Expenditures in Massachusetts.
Boston, April 30, 1976.
Gibson, Robert M., and Marjorie Smith Mueller. "National
Health Expenditures, Fiscal Year 1976." Social Security
Bulletin, Vol. 40 (April 1977), GPO.

- 33 estimated by applying 1973 patterns to the 1975 hospital expenditures.
Expenditures figures are not available for the rest of New England;
hospital expenditures statistics for New England and national relationships of total health expenditures to hospital expenditures were used to
estimate 1975 expenditures.
Insurance coverage for Massachusetts was difficult to estimate.
An initial calculation of coverage, which included private insurance,
Medicare, and Medicaid, yielded hospitalization insurance coverage of
104 percent to 108 percent of the population.

Private insurance

coverage of the population under 65 in Massachusetts was reported to
be 98 percent of this group (see Appendix E).

Medicaid eligibility

for those under 65 in Massachusetts is estimated at 570,000, or about
10 percent of this group; the monthly average number of Medicaid
recipients under 65 is 305,000, or 6 percent of the relevant population.
Because of the obvious statistical inconsistencies among the
various sources of insurance coverage for hospitalization, these
figures were not used.

While figures on private surgical insurance

are probably subject to the same error, these estimates were used as
parameters of hospital coverage because they yielded a more reasonable
estimate of coverage in Massachusetts.

Insurance coverage for . regular

medical expense was used as a measure of the degree of coverage of
ambulatory care.

Estimated figures for Medicaid recipients were added

to the private insurance figures, and those for Medicare insurance
(Hospitalization Insurance and Supplementary Medical Insurance) were
added to the appropriate categories.

The results of these composite

insurance coverage figures are shown in Table 6.

Table 6
ESTIMATED TOTAL INSURANCE COVERAGE OF THE POPULATION FOR
HOSPITAL CARE AND PHYSICIANS'CARE

Massachusetts
Number Percent
Hospital--Under 65 -private
(surgical)
-Medicaid
Over 65 - Medicare (HI)

*

Total
Physicians I Care-Under 65 -private
(medical)
-Medicaid
Over 65 - Medicare (SMI) **
Total

Rest of New England
Number Percent

Rest of United States
Number Percent

4,671
309

90.8
6.0

5,053
187

88.9
3.3

148,794
6,945

82.5
3.8

667

98.5

713

100. 7

211160

99.4

5,647

97 .o

5,953

93.1

176,899

87.7

4,795
309

93.3
6.0

5,040
187

88. 7
3.3

142,322
6,945

78.9
3.8

661

97.6

704

99.4

201776

97.8

5,765

99.1

5,931

92.8

170,043

84.3

*HI--Hospitalization Insurance
**SMI--Supplementary Medical Insurance
SOURCES: Ruther, Walter. "Medicare, Number of Persons Insured, July 1, 1973." Social Security Bulletin,
Vol. 38, No. 6 (June 1975), 33-42.
Health Insurance Institute. Source·Book of Health Insurance Data, 1976-77. New York: Health
Insurance ~nstitute, 1976.

w
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- 35 The insurance coverage parameter was used to allocate the
effects of a 25 percent coinsurance plan.

The full coverage plan does

not increase the percent of the population covered, but rather the
extent of coverage.

For this reason, the additional increase, over

and above that resulting from the 25 percent coinsurance plan, was not
allocated using insurance coverage parameters.

Because few data were

available, the per capita increase was assumed to be constant across
all states; thus, the additional demand was allocated to states on the
basis of population.
The change in national demand has two components, inpatient and
ambulatory care, which do not precisely coincide with the categories
of expenditures available.

Because expenditures information, input-

output industry categories, and industry-occupational categories are
all organized differently, the estimated percentage change for
inpatient and outpatient care was distributed to the various categories
based upon recent expenditures proportions (20].
The step-by-step procedure used to allocate the national increase
in demand is described in Appendix C.

The resulting increase in demand,

by region, is shown in Table 7 in terms of 1975 dollars, 1963 dollars,
and percentage change from base-year estimates.

The c~lculations

were done for the liberal estimate of the impact of a full-coverage
plan, of which the Health Security bill is an example.
The estimates of final demand could have been used immediately
with the MR.IO model to estimate industry· employment.
method chosen is more complex.
sections.

However, the

It will be explained in subsequent
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Table 1

INCREASE IN DEMAND FOR HEALTH SERVICES
RESULTING FROM NATIONAL HEALTH INSURANCE

Rest of
New England

Rest of the
United States

$178
271

$235
395

$ 9,331
16,344

$ 62
147

$ 82
214

$ 3,251
8,863

8.5
40.8

14.7
52.0

21.0
76.0

Massachusetts
Millions, $75
Hospitals
Physicians
Millions, $63
Hospitals
Physicians
Percentage Increase
Hospitals
Physicians

SOURCE:

Calculations performed for this paper.
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DIRECT IMPACT ON OCCUPATIONS
This study was done to measure the employment demand changes in
Massachusetts that would result from NHI.

While in the past, studies

using the MR.IO model estimated employment by industry, not by occupation,
it is possible--and may be preferable--to estimate the occupational
impact.

This section will deal with possible ways of estimating

occupational impact using the MRIO model and the advantages and
disadvantages of each.

The method used for the study will be explained

in detail, and estimates will be included.

Finally, some limitations

of the method are pointed out, and suggestions are made for improving
the estimates.
Method 1, Average Employment
The method used in a previous study, "Industry Employment
Project~ons:

An MR.IO Model Simulation," to project occupationai

employment from total industry employment estimates is the simplest (21].
Using Method 1, final demand is converted to output, output to industry
employment, and industry employment to occupational employment using
average relationships.

In matrix form, this relationship is as follows:
IE= EO(C-l - A)-l Y
OE= OI x IE

where
Y is a vector (mn) of final demands form industries and n
regions;
(C-l - A)-l is an inverted multiregional matrix (mn x mn);

- 38 EO is a matrix (mn x mn) of employment-to-output ratios for
m industries and n regions, with ratios on the diagonal
and zeros off the diagonal;
IE is a vector (mn) of employment by industry and region;
OI is a matrix (on x mn) of occupational patterns for o occupations,
m industries, and n regions; it is of block-diagonal form,
with (ox m) occupation-by-industry matrices on the diagonal
blocks and zeros on the off-diagonal blocks; and
OE is a vector (ox n) of employment by occupation and region.
The method uses average relationships at each step-average
trade and technology, average employment-to-output, and average
occupational staffing patt~rns.

This is a methodological advantage

in the sense that, by using published statistics at a point in time,
it is possible to estimate changes in occupational demand for a variety
of changes in final demand.

However, the disadvantage is that these

relationships may not hold--a marginal change in final demand will
have a different impact on occupations than the average demand.
The method also uses the MRIO industry detail, which is
significantly more aggregated than the 360-order input-output table
and is generally more aggregated than the detail of the industryoccupational matrix, especially in the service industries.

With this

method much usable detail is lost, since the occupational patterns
must be aggregated by industry before they can be used.

For example,

the medical-services industry is combined with educational and nonprofit
services in the MR.IO model.

The industry-occupational matrix has

- 39 detailed industries for medical, educational, and nonprofit services.
The occupational staffing patterns for these industries must be
combined in order to apply the patterns to the MR.IO industry employment
estimates.

While for projections of total employment this method

may be satisfactory, for estimates of an increase in demand in, say,
the medical services industry alone, it would drastically overestimate
the number of teachers required.
Method 2, Detailed Marginal Direct Employment
An excellent method of estimating the impact of a change in
demand is the one used by the Bureau of Labor Statistics (BLS) to
estimate the occupational employment impact of constructing and operating
a mass transit system, using the Massachusetts Bay Transit Authority
(MBTA) as a prototype.

The method used was explained in detail in

Appendix C of the pgper "Industry Employment Projections: An MR.IO
Model Simulation"[21].

The method measured a true marginal change in

the direct employment requirements.

By examining the employment records

of those involved in the construction and operation of the MBTA, detailed
occupational employment statistics were compiled for most of the direct
labor, while indirect labor was estimated.

Pu:chases of equipment

and supplies were aggregated, considered final demand, and used with
the national input-output table and the national _occupation-industry
matrix to estimate the remaining occupational requirements for the
project in a manner similar to Method 1.

Indirect labor was thus

estimated using average occupational and average industry purchase

- 40 patterns, while for direct labor a marginal estimation process was
used, and the labor required for this particular project was measured.
\'Jhile the BLS methodology is very thorough, it cannot be
applied to all impact questions.

It requires that there be an existing

prototype program, that the impact on that prototype be measurable,
and that it serve as an accurate model for other programs.

Mass

transit construction will certainly vary from region to region,
depending on the geology and structure of the urban environment.
However, it is a better candidate for this type of study than, say,
using Canadian experience on acceptance of national insurance, which
depends upon the social and health-care structure of Canada, to gauge
the change in occupational demand in the United States.
The principal disadvantage of this method is the -amount of
data collection required.

Using a construction and operation project

that had already been completed, and for which nearly comprehensive
employment were available, the study still required several employeeyears to complete.

However, because direct employment was about half

of the total employment required, this effort seems justified.
Another disadvantage of the method is that for the remaining indirect
employment, average relationships are used, thus creating the same
shortcomings as Method 1.
Method 3, Detailed Average Direct Employment
A third method can be used, which is a hybrid of the first and
second methods.

It is like the first method in its generality, but

it is a two-step process:

the occupational employment requirements

\

- 41 are estimated for direct employment (that is, employment associated
directly with final demand), and purchases are constructed to be used
with the MRIO inverse matrix to estimate indirect employment.
process was illustrated in Figure 1.

This

In structure, this method is

similar to the method used for the MBTA study.

However, for data

requirements it is similar to the first method in that it requires no
primary data or survey work.
The third method was chosen for this study.

It utilizes data

from the 1974 state industry-occupational matrix, the MRIO inverse
matrix, and the 1967 national 360-industry input-output table.

The

principal reason it was chosen over the first method is the level of
industry detail.

The detail for both final demand estimates and

occupational estimates is greater than that of the MR.IO -model, so
the immediate translation of final demand to occupational employme~t
loses less detail than the first method would.

The method does not

measure a true marginal employment impact as the MBTA study does.
However, there is no clear prior prototype study to be used to obtain
estimates of these changes.
Direct Employment
The initial round of occupational effects was estimated by
using the estimates of percentage change in demand in Massachusetts
for hospital and physicians' services and applying them to the 1974
industry-occupational matrix for Massachusetts.

The results of

this process are shown in Table 8 for selected occupations.

- 42 Table 8

INCREASE IN OCCUPATIONAL EMPLOYMENT IN THE .
HEALTH SERVICES INDUSTRY IN MASSACHUSETTS AS A RESULT OF
DIRECT DEMAND FOR HEALTH SERVICES
Impact on Selected Occupations

Increase in employment in:
Occupation

Hospitals

Offices of Physicians

Total, All Occupations

11,230

7,160

370

2,570

2,100

540

Physicians
Registered Nurses
Therapists

190

*

Clinical Lab Technicians

390

70

Radiologic Technicians

190

100

Other Health Technicians

190

*

Other Professional, Technical

710

130

Health Administrators

280

*

Medical Secretaries

180

1,340

Other Secretaries, Stenographers

360

1,190

Other Clerical

990

680

Craftsmen and Kindred

310

*
*

Nurses' Aides, Orderlies
Health Aides, Except Nursing

,

1,280
380

190

Practical Nurses

1,170

90

Other Service Workers

1,140

200

*less than 50
SOURCE:

Calculations performed for this paper.
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The direct employment effects of NHI have been the subject of
other studies.

There are a number of reasons why an increase in demand

for health services, even if met in full, will not result in a
proportionate increase in demand for all health occupations.

One

frequent suggestion is that due to the probabl~ shortage of physicians,
less-skilled health-care personnel will be in greater demand.

Another

possibility is that the increased demand for hospital care, in the
absence of price regulation, will improve the "quality" of care by
adding more auxiliary health workers and equipment [7].
The Department of Health, Education, and Welfare has recently
published the results of a study of. the impact of NHI on the demand for
health occupations [31].

The method used in that study is essentially

the same as the one used in this:

average staffing patterns are

applied to average increase in employment based strictly on changes
in demand.

Another study, still under way, is being done by Gustav

Schacter and Harold M. Goldstein of the Northeastern University Center
for Medical Manpower Studies.

They are trying to measure the impact

of NHI on specific health occupations [11].
In addition to the problems of estimating the differential
impact on demand for health-services personnel, labor supply should be
considered.

As with any regional study of labor markets, the question

of geographic mobility arises:

will demand in Massachusetts be filled

by new trainees, will labor migrate to this area, will trainees leave
the area?

Further, because of multistate markets for health services,

- 44 the increase in demand may be a function of demand not only in
Massachusetts, but also in neighboring regions.

This particular

problem has not been dealt with in the present study.
Finally, one of the areas wholly neglected is the demand for
health educational services.

Education is a large industry in

Massachusetts, and, in particular, the state is known for its medical
education industry.

No effort has been made to estimate the impact on

this specific industry, although it will almost certainly be significant.
Interindustry Purchases
The estimates for detailed interindustry purchases were made
using the 1967 national 360-order input-output table.

The purchase

patterns from 1967 were used in conjunction with the change in demand
(in 1963 dollars) for health services in the three regions.

Because

the MR.IO model for this simulation is partially closed with respect
to households, purchases of wages and salaries from the household
industry are included.

In other words, an estimate of the consumption

by those additional workers in the medical-services industries is
included in the impacts.

The sum of purchases of goods, services, and

labor is less than the initial estimate of final demand by the
estimated amount of other final demand, which is composed of depreciation,
truces, and profits.

These estimates of change in final demand will be

added to the change in investment demand in the health-supply industries;
the calculations are described in the next section.
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INDIRECT IMPACT ON HEALTH-SUPPLY INDUSTRIES
Massachusetts has earned a reputation as a high technology
state, as well as being known for its innovative and high-quality
medical industry.

A 1970 study by Arthur D. Little, Inc. entitled,

"Fostering Industrial Growth in Massachusetts" (15], isolated the
biomedical instrument industry along with two other high-technology
industries as having growth potential in Massachusetts.

Although the

impact of NHI on medical equipment and supply manufacturing depends
on a great number of unpredictable factors, it is very likely that
there will be some positive effect on all industries that support the
medical-services industries.
The method used to estimate the effect on the medical supply
and equipment industry in Massachusetts will be outlined here.

First,

the possible effects NHI may have on the medical suppty and equipment
industry will be examined.

Second, the industry will be defined and

definitional problems discussed.

Finally, the methods of estimating

capital goods expenditures for plant and equipment will be reviewed,
and the method used to estimate the effect on the medical manufacturers
chosen for this study will be described and the results calculated.
Effect of National Health Insurance
on the Medical Supply and Equipment Industry
A program of national health insurance will affect the medical
supply and equipment industry in several ways.

Increases in demand

for medical services will ac~~lerate the real need for new capital
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equipment and medical supplies.

Doctors and hospital administrators

may rush to buy new capital equipment to partially offset the increased
burden on health-care personnel.

Balancing this, cost control

mechanisms may limit the cost of new capital equipment that can be
passed on to patients, effectively barring excessive investments.
Increased demand for medical services will require more medical
supplies--bandages, drugs, and so on--in a direct way and may also
increase capital expenditures by enlarging the required capital stock
necessary to service higher demand.

However, hospitals and equipment

may now be underutilized and additional capital stock may not be
needed.

In a competitive market, this would not lead to higher

capital purchases.

But hospitals and doctors do not necessarily follow

a profit-maximizing behavior.

The two Feldstein studies on inflation

in physicians' prices and hospital-care expenses indicate that a
greater demand for physicians' services will raise the price and
increase physicians' incomeswithout affecting the supply of physicians,
while an increase in demand for hospital care will raise the cost
through the addition of equipment and personnel that are only marginally
productive [7; 8].

A recent HEW study suggests that a

••• cost-benefit analysis is rarely made in determining
which aspects of clinical technology should be given
priority. Any improvement in medical techniques is
considered good, and the cost of that improvement is
rarely considered. [3, p. 33]
Because the expansion of insurance coverage of the population is
lowering the cost to the patient, the natural check on rising prices
is diminished, and medical costs are responding by rising.

- 47 Increasing costs have resulted in legislation designed to
control the cause of medical inflation.

At present there is a

regulation mechanism, the Certificate of Need Program, which usually
requires prior approval of capital expenditures by hospitals or
providers of medical care of over $100,000.

The governing board may

go as far as withholding the license of those institutions that do not
comply.

In 1974 a law requiring comprehensive health pla!;.ning

was passed, which coordinates investment and expansion of health
facilities on a regional basis.

The recent health planni•·g legislation

..• is designed to get in place effective comprehen<ive
health planning bodies, reasonable controls over ca·. i.tal
expenditures; · and even some sort of rate regulation,
which together hopefully will prevent an excessive ris e
in cost when NHI makes health care more readily available
to people at all income levels [.3, p. 130].
0

In enforcing this type of program, some guidelines must be
set for deciding what capital purchases are necessary and thus whether
the institution is allowed to pass on the expense of these purchases
to the patients.

For example, a recent set of guidelines suggested

that 7,500 procedures per machine is an appropriate use for X-ray
equipment, and that two visits per square foot in an ambulatory
care center is acceptable [ 1 ] •

While guidelines vary, they are

generally related to the number of uses or visits, or in some cases
to the population.

Thus, if similar guidelines are used for control

of capital expenditures, the induced demand for health care resulting
from NHI is likely to increase capital requirements in the same
proportion as demand.

- 48 . Health-Supply Industry
The medical and dental instrt...~ents and supplies industry falls
principally into two Standard Indus t rial Classification (SIC)
categories:

Surgical, medical, & dental instruments & supplies (SIC 384)

and X-ray, electromedical, & electrotherapeutic apparatus (SIC 3693).
A current review of the industry and its future can be found in the
United States Industrial Outlook, 19 77 [27].
information is taken from that artic l e.

Most of the following

In 1976 the industry as a

whole had shipments of $5.6 billion , and this figure is expected to reach

$6. 6 billion by the end of 1977.

I n.t1.1stry growth has been high, on

the order of 20 percent per year, mo1 -" than doubling from 1972 to

1977.
The typical manufacturing establishment is small:~only 32
percent have 20 or more employees.

However, "the eight largest

companies produce over half of all shipments" [27, p. 446].

Geographi-

cally, the establishments are concentrated on the east coast, in the
north central region, and in California.
The X-ray, electromedical, & electrotherapeutic apparatus
industry (SIC 3693) had shipments of $890 million in 1976 and employed

16,000.

The two major product lines in this industry are X-ray

equipment and electronic medical diagnostic, therapeutic, and patientmonitoring equipment, which includes pacemakers, defibrillators,
computerized axial tomography equipment (CAT scanners), etc.
manufacturer in Massachusetts is Hewlett Packard.

A major

Eleven percent of

the establishments with over 20 employees are located in Massachusetts.

- 49 In 1976, the Surgical & medical instruments & apparatus industry
(SIC 3841) had shipments of $1,550 million and employed 41,000.
Employment has been growing about seven percent annually in this industry.
Although it mar.ufactures more traditional hospital equipment, it is al~:0
developing new products, such as ultrasonic diagnostic instruments,
which may replace X-ray equipment.

A major Massachusetts surgical and

medical instrurt :nts manufacturer is Instrumentation Lab, Inc.
The Ort1.wpedic, prosthetic,

&

surgical appliances

&

supplies industry

(SIC 3842) haa 1976 shipments of $2,310 million and employed 51,000.
It manufacture ·: supplies such as bandages, braces, wheel chairs,
and industrial ~qfety equipment.
concentrated in

Nmv

This particular industry is not

England.

The final component of SIC 384 is Dental equipment & supplies
(SIC 3843).

In 1976, industry shipments were $805 million and

employment was 16,000.

This industry has a potentially high annual

growth rate because of the increasing dental insurance coverage in
the nation, which is expected to double between 1975 and 1980,
independently of an NHI plan.

This industry is not dominant in

Massachusetts or New England.
While these four SIC categories are generally considered to
be the medical manufacturers group, there are several other SIC's that
include establishments manufacturing medical supplies.
SIC 283, Drugs.

An example is

Several large Massachusetts firms, such as the Kendall

Company and the New England Nuclear Corporation, are in this industry.
Corning Medical, which produces laboratory equipment (a portion of
SIC 3811), also supplies the medical industry, manufacturing blood-

- 50 testing equipment.

Several companies in Massachusetts, such as Picker

and Polaroid, produce photographic supplies (a portion of SIC 3861),
such as X-ray films, which are sold to medical institutions.

Digital

Equipment produces computers (a portion of SIC 3~73) for medical
applications.
The 1967 national input-output table shows which industries
supply the medical-service industry.

For examrle, purchases for

hospitals from SIC 384, Surgical, medical, & d~ntal instruments &
supplies, amounted to $123 million; from SIC z ;: 3, Drugs, to $461 million;
from SIC 3861, Photographic equipment & suppli ,: ,,, to $105 million (all
measured in 1967 dollars).

From these figures, ;t might be assumed

that medical equipment and supplies are a relatively insignificant
portion of hospital expenditures.

However, a large percentage of

the output of this industry is capital goods, which are not included
in the industry-to-industry sales and purchases table (see Appendix B
for definitions).

Table 9 shows the shares of output sold by the

medical and dental equipment and supplies industries to different
sectors.

For SIC 3693 and SIC 3841 manufacturers concentrated in

Massachusetts and New England, sales of capital goods are two to
three times the sales of intermediate goods.

In other words, these

industries do sell to hospttals, but their sales are principally of
capital goods and are not reflected in the input-output transactions
table.
In 1972, Massachusetts had about 4 percent of the medical
equipment and supply manufacturing establishments and 8 percent

Table 9
INTERINDUSTRY SALES AND SALES TO FINAL USERS
OF MEDICAL AND DENTAL EQUIPMENT AND SUPPLIES, 1967
(millions $1967)

SIC (IO)
Number
SIC 3693
(58. 03)
SIC 3841
(62.04)
SIC 3842
(62.05)
SIC 3843
(62.06)

SOURCE:

Title
X--ray, electromedical, &
electrotherapeutic
apparatus industry

Sales to Medical
Total
Personal
Intermediate Consumption
Services
Expenditures
Industries
Sales

0

49.4

0

Gross
Investment

133.3

Total
Output

244.2

Surgical & medical
instruments & apparatus
industry

60.0

131.3

10.7

371.8

637.9

Orthopedic, prosthetic, &
surgical appliances &
supplies industry

143.8

479.3

174.5

49.1

911. 3

Dental equipment & supplies

76.6

97.1

0

96.2

232.2

VI

.....

U.S. Department of Commerce, Bureau of Economic Analysis. Input-Output Structure of the U.S.
Economy: 1967. Vol. 1, Transactions Data for Detailed Industries. GPO, 1974.

- 52 of SIC 3693 and 3841, as shown in Table 10.

While data on shipments

for 1972 are not disclosed in the Census of Manufactures, between
1,500 and 3,500 workers were employed in SICs 3693 and 3841 in
Massachusetts, 4 to 7 percent of national employment in these industries.
Total manufacturing employment in Massachusetts in 1972 was about
600,000, so employment in these two industries was about 1/2 percent
compared with 1/4 percent nationally.

In other words, a relatively

larger share of resources is devoted to the manufacture of medical
equipment in Massachusetts than nationally.
In the Arthur D. Little study previously referred to, it was
estimated that there were over 100 Massachusetts firms engaged in
development or production of biomedical instruments, which include
diagnostic, therapeutic, monitoring, clinical, and research instruments.
In the study, Massachusetts employment in those firms was estimated
to be 12,000 to 15,000,

5

or about 2 percent of total Massachusetts

employment at that time [15].

While this estimate is significantly

higher than that in the Census of Manufactures, 1972 [24], it includes
companies that devote less than 50 percent of their production to
biomedical instruments and in addition probably includes companies
like Corning Medical and The Kendall Company, which are not classified
as manufacturers of medical and dental instruments and supplies. 6

5Toese estimates were not verified, as the details were not made
available to the public.
6

rn publications by the Bureau of the Census, employment security
agencies, and other agencies, the same establishment is sometimes
classified by each according to a different SIC category. Most of the
aggregate data presented here are from the Census of Manufactures, while
the specific company information is from. the Massachusetts Division of
Employment Security or the Massachusetts Industrial Directory [16].

- 53 Table 10
REGIONAL DISTRIBUTION OF MANUFACTURERS OF
MEDICAL AND DENTAL INSTRUMENTS AND SUPPLIES
SIC Industry
Number
Title

Rest of
United States

Massachusetts

Rest of
New England

Number of Establishments
Percent of National

8
8

4
4

92
88

Number of Establishments
over 20 Employees
Percent of National

6
11

1

47

2

87

42 .

30

8

6

434
86

19
10

13
7

167

28

34

811

3

4

93

9
4

14

234
91

SIC 3693, X-ray, electromedical, & electrotherapeutic
apparatus industry

SIC 3841, Surgical & medical
instruments & apparatus
industry
Number of Establishments
Percent of National
Number of Establishments
over 20 Employees
Percent of National

84

SIC 3842, Orthopedic, prosthetic, & surgical appliances &
supplies industry
Number of Establishments
Percent of National
Number of Establishments
over 20 Employees
Percent of National

5

SIC 3843, Dental equipment &
supplies

*U.S.

Number of Establishments
Percent of National

7*
2

8
2

414

Number of Establishments
over 20 Employees
Percent of National

1*

2

1

2

104
97

Bureau of the Census.

SOURCE:

County Business Patterns, 1970.

U.S. Bureau of the Census.

96

GPO, 1972.

Census of Manufactures, 1972.

GPO, 1976.
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The medical instrument and supply industry can be divided into
two areas:

current supplies and capital goods.

Judging from the

national data available, the capital goods sector is probably dominant
in Massachusetts.

Using an input-output approach, there are different

techniques for dealing with these two types of demand: for current
supplies, a static input-output model is appropriate, while for capital
goods, a dynamic input-output model or some other approach that can
be used to estimate induced investment must be used.
Estimation of indirect purchases using an input-output framework
was discussed in the previous section.

It entails estimating final

demand and then using the direct requirements input-output table to
translate final demand into interindustry purchases.

These can then

be used with an input-output model, such as the MR.IO model, to estimate
the additional output required, by industry, to produce the final
demand.

This approach is useful when it is possible to obtain more

detailed estimates for direct demand than for the rest of demand.

One

example of this technique is the ConRail study by Jack Faucett
Associates [ 6 ].

In that case, detail on the origins of the direct

expenditures on railroad cars and locomotives, by industry and region
of production,were obtained through a telephone survey, and these
second-round purchases were used as an exogenous demand component of
the MR.IO model.

In other words, if detail can be gained by converting

final demand into interindustry purchases using more information than
that available in the MR.IO model, the information should be utilized
if possible.

- 55 Induced Investment in Health Equipment
Because of the concentration of Massachusetts medical manufacturers as capital goods suppliers, it was felt that a method for
estimating induced capital expenditures should be employed.

There

are several stages in estimating the induced demand for new capital
equipment.

It is necessary to define some relationship between output,

capital stock, and capital expenditures.

It is also necessary to

estimate this relationship from known data.

Developing a workable model

in this area requires tempering the theoretical form to fit the limited
data available.
Theoretically, the increase in purchases should be just
sufficient to meet the new demand and should then taper off, following
the investment accelerator principle.

If the industry is operating

at less than full capacity, expansion will only occur when the capacity
limit is reached.

However, there are several difficulties in applying

this principle to a service industry and in particular to the medicalservices industry.
Estimating capacity utilization is a problem because there is
no "theoretical" capacity estimate for the medical industry.

Hospitals

1n the Un1ced States run at about 80 percent of full occupancy, but
full occupancy is not equivalent to full capacity since administrators
try to maintain some planned slack for emergencies.

Recent estimates

indicate that the present number of short-term hospital beds is sufficient
to meet the increase in demand from NHI [20].

Measuring the capacity

of physicians' services is even less precise than measuring hospital

- 56 capacity utilization.

Substitution of less-skilled labor and some

capital can expand services somewhat, but the key to expansion is not
capital spending but education of more physicians, which is a longterm process.
There are no historical series of capital expenditures by the
medical industry.

Annual data on assets of hospitals exist; the

plant and other assets per patient-day for 1975 were shown in Table 4.
However, these data are for hospitals, which provide both inpatient
and outpatient care.

Because the effect of NHI on outpatient care is

likely to be much greater than on inpatient hospital care, data on
aggregate assets may not be relevant.

Another difficulty is that, if

it were possible to estimate capital expenditures in the aggregate,
it would still not be possible to estimate the amount of capital
goods that would be demanded from the medical manufacturing industry
and the amount from other industries.
Capital-flow tables for the United States are available for
1963 and 1967 as part of the U.S. input-output study.

These tables

show the interindustry capital purchase patterns for 1963.

While the

tables might be a useful tool in approximating induced capital demand
£ur

a~~re~ace proauccion r1gures, the matr1x 1s onLy available in

80-order industry detail; thus, the purchases for I0-77, Medical,
educational services, & nonprofit organizations, include those made
by the educational and nonprofit industries as well as the health
industry.

Further, the flow matrix indicates the industry of production

and purchase of capital goods but does not reveal the relationship
between change in output and capital purchases.

- 57 One way of obtaining fairly recent estimates of capital
purchases is to look at the output of the capital goods industries.

For

example, both SIC 3693, X-ray, electromedical, & electrotherapeutic
apparatus industry, and SIC 3841, Surgical & medical instruments &
apparatus industry, produce a high percentage of capital goods, and the
increase in demand for medical services could be translated directly
into demand for the output of these industries.
or output, by industry is available annually.

Information on shipments,
The percentage increase

in demand for health care could be translated into an equal percentage
increase in demand for health-care equipment.
However, there are several problems with this approach.

One

problem is that not all the output of these industries may be purchased
by the medical services industry.

A second problem is that some of

the purchases are on capital and some are on current account; using
a static input-output model, the increase in current account purchases
will already be reflected in increased output.

A third problem is

that the nature of the response is not known and will depend on the
cost-control mechanism legislated.

A fourth problem is that while

national shipments are known for this industry, the state distribution
is not known.
Despite all the above limitations, a version of this last method
was used to estimate the impact of NHI on the medical equipment
industry.

However, induced investment in construction and other capital

goods was not taken into account.

Although a complete. estimate of

investment could be made using a capital-flow matrix, the uncertainty
surrounding the supply response and the possible restrictions on capital

I

I

It

- 58 investment would have introduced too much variability.

In addition,

the use of the 80-order capital-flow matrix would introduce unacceptable
industry aggregation problems.
The assumed functional relationship is that a percentage change
in demand implies a percentage change in output, which implies the same
percentage change in capital expenditures for medical equipment.

This

last link conflicts with the accelerator principle in that it does not
incorporate a "bulge" or temporary increase in capital expenditures
required to expand capacity; by assuming a fixed relationship of
capital purchases to output, it indicates a steady-state response of
higher replacement investment of a larger capital stock base.

In this

sense, the estimate is understated and should be treated as the minimum
impact likely.
Some of the problems mentioned previously have been resolved and
others have not.

An estimate of the percent of the output of the medical-

equipment industry purchased on current account was made using the 1967
input-output table and was subtracted from total output to estimate the
capital portion.

The 1967 capital-flow matrix was used to estimate

the fraction of capital equipment produced by SICs 3693 and 384 that
was sold to 10-77, Medical, educational,

&

nonprofit services.

The

state shares of demand for investment were allocated on the basis of
change in demand for hospital services.

The calculation of these

estimates is shown in Appendix C, Steps (12)-(14).

The region of

production was determined using ' the MR.IO historical trading patterns.
It was assumed that all capital sales of these industries were made to the
health-industry portion of the more aggregated medical, educational, and
nonprofit industry (I0-77).

- 59 It must again be emphasized that the estimates are probably
understated.
response:

Several assumptions lead to an understatement of the

the change in investment is the same as the change in demand;

the only industries affected are the medical-equipment industries; the
medical-equipment industries include only SIC 3693 and 384, while it
is known that several large companies in Massachusetts that produce
medical equipment are outside this group; the MR.IO trade patterns
from 1963 probably underestimate Massachusetts' present share of this
industry's production because growth in this industry since 1963 has
been substantial; and substitution of capital for labor, such as
physicians' time, is not included.

Offsetting these underestimates is

the possibility that strong cost-control legislation or a'~ertificate
of need 11 type of governance will be instituted, administratively
restricting capital purchases.
SUMMARY AND CONCLUSIONS
The previous sections of this report have dealt with particular
aspects of health care:
medical equipment.

regional final demand, direct employment, and

In this section, the separate methods used will be

tied together, the results will be discussed, and the limitations of
both this study and the use of the MR.IO model to perform impact studies
will be examined.
Review of Estimation Process
The first step in the study was estimation of final demand by
region.

For health insurance, this affected only one MR.IO industry

directly--IO-77, Medical, educational services, & nonprofit organizations.
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The national estimates were those developed by Newhouse, Phelps, and
Schwartz (see page 14 of this report) in. which it was assumed that
NHI would increase demand for inpatient care and ambulatory (outpatient)
care [20].

The final demand estimates in the study were allocated to

regions based upon the insurance coverage of the population and the
population itself.

It was assumed that the increase in demand would

be consumed within the region.
Because the MR.IO model is insufficiently detailed for the healthservices sector, it was used to estimate indirect and induced employment
only.

Indirect employment is that generated by the direct purchases of

the industry that delivers the final good; induced employment is that
generated by spending the additional income resulting from the increase
in output.

Final demand for health services (direct demand) was

converted to estimates of employment by occupation using the 1974
industry-by-occupation table for Massachusetts.

Indirect demand,

purchases by the health industry, was estimated using the 1967 national
input-output table.
The health-equipment sector produces both current and capital
goods.

Because the MR.IO model does not include induced investment,

capital purchases from this industry were estimated exogenously.
The increase in capital purchases was assumed to equal the increase in
demand for health care.
Change in demand for health equipment by region was added to
direct purchases, yielding estimates of demand which could be used
with the MRIO model.
are shown in Table 11.

The demand estimates,converted to 1963 dollars,

TABLE 11 -- DIRECT PURCHASES OF INDUSTRY GOODS
RESULTING FROM DEMAND FOR UEALTH CARE
BY REGION
(thousands $1963)
1
MASSACHUSETTS
1 LIVESTOCK, PRD!S.
2 OTHER AGRICULTURE PRDTS.
3 FORESTRY, FISHERIES
4 AGRI.,FORES.,FISH. SERV.
5 IRON, FERl:W. OHES MINING
6 NONPER~OUS ORES MINING
7 COAL MINING
8 CRUDE PETRO.,NATORAL GAS
9 STONE, CLAY MINING
10 Ci!Hl.,FRRT. MIN. MINING
11 NEW CONSTRUCTION
12 MAINT., REPAIR CONSTR.
13 ORCNANCE, ACCESSORIES
14 FOOD, KINDRED PRDTS.
15 TOEACCO MANOFACTUEES
16 FABRICS
17 TEXTILE PRDTS.
la APPAREL
19 MISC. TEXTILE PRDTS.
20 LUMBER, WOOD PRDTS.
21 WOODEN CONTAINERS
22 HOUSEHOLD FURNITURE
23 OTHER FURNITURE
24 PAPER, ALLIED PRDTS.
25 PAPERBOARD CONTAINERS
26 PRINTING, PUDLIS!:IING
27 CII E!HCHS,SELECT. PRDTS.
28 PLASTICS, SYNTHETICS
29 DRUGS, COSMETICS
30 PAINT, ALLIED PRDTS.
31 PETROLEUM, RELATED INDS.
32 RUBBER, MISC. FLA STICS
33 LEATHER TANNING, PRDTS.
34 FOOTW~AR, LEATHER PRDTS.
35 GLASS, GLASS PRDTS.
36 STONt, CLAY PRDTS.
37 PRIM ARY IRON, S'IEEL MFR.
38 PRIMARY NONFERROUS MFR.
39 METAL CONTAINERS
40 FABRICATED METAL PRDTS.
41 SCREW MACH. PRCTS., · ETC.

2
THE REST OF
NEW ENGLAND
82
164

62
124
0
0

0
0

0
0

-

0

0
0
1054
0
1984
0

62
0

186
62
0
0
0
0

333
12 4
503
124
0

8082

.

3
THE REST OF
THE U.S.
3251
6502

0

0

0
0
0
0
0
\
0
0
0
1394

0
0
0
0
0
0
0
0
55267
0
104032
0
3251
0
9753
3i51
0
0
0
0
18616
6502
. 29840
6502

0

2624
0
82
0
246
82
0

0
0
0
460
164
724
164
0
1139 4

0

0

712
643
0

1020
870

0
0

0

62

82

0
0
0
0
0

0
0
0

0

0

0
0

0

46 5363
0
41954
34871
0
0
0

3251
0
0
0
0
0

4
TOTAL PURCHASES
3395
6790
0
0
0
0
0
0
0
0
0
57715
0
108640
0
3395
0
10185
3395
0
0
0
0

19409
6790
31067
6790
0
4 84 839
0
43686
36384

0
0
0

3395
0
0
0

0

o·

°'
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TABLE 11 -- DIRECT PORCHASES OF INDUSTRY GOODS
RESULTING FROM DEMAND FOR HEALTH CARE
BY REGION

(thousands $63)

42 OTHER FAB. METAL PaDTS.
43 ENGINES, TURBINES
44 FARM MACH., EQUIP.
45 CONSTRUC. MACH., EQUIP • .
46 MATERIAL HANDLING MACH.
47 METALWORKING MACUINERY
48 SPECIAL MACH., EQUIP.
49 GENERAL MACH., EQUIP.
50 MACHINE SHOP PRDTS.
51 OFFICE, COl'IPUT. MACHINES
52 SERVICE IND. MACHINES
53 ELECT. TRANSMISS. EQUIP.
54 HOOSEHOLD APPLIANCES
55 ELECTRIC LIGHTING EQ □ IP.
56 RADIO, TV, ETC., EQUIP.
57 ELECTRONIC CO~FONENTS
58 MISC. ELECTRICAL MACH.
59 MOTOR VEHICLES, EQUIP.
60 AI RCRAFT, PARTS
61 OTHER TRANSPORT. EQUIP.
62 PROFESS., SCIEN. INSTRU.
63 MEDICAL, PHOTO. EQUIP.
64 MISC. MANUFACTURING
65 TRANSPORT., WAREHOUSING
66 COMMUNlCA.,EXC. BRDCAST.
67 RADIO, TV BROADCASTING
60 ELEC.,GAS,WATER,SAN.SER.
69 WHOLESALE, RETAIL !RADE
70 FINANCE, INSURANCE
71 REAL ESTATE, RENTAL
72 HOTELS, PERSONAL SERV.
73 BUSINESS SERVICES
74 RESEARCH, DEVELOPMENT
75 AUTO. REPAIR, SERVICES
76 AMOSE~IENTS
77 11ED.,EDUC. SERVICES
78 FEDERAL GOVT. ENTERPRISE
79 STATE, LOCAL GOVT. ENT.
80 HOUSEHOLD INDUSTRY
81 TOTAL, ALL INDUSTRIES

1

2

3

MASSACHUSETTS

THE REST OF
NEW ENGLAND

THE REST OF
THE U.S.

0

0
0
0
0
0
0
0

0
0

4
TOTAL PURCHASES

0
0
0
0
0
0
0
0
0

·o
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0

0

0

0

0
0
0

0
0
0

0
0
0

0
0
0

62

82

3251

3395

0
0

0
0

0
0

0
0

1000

1000

48000

50000

0
0
0

0
0
0

0

0
0
0

3270

4758
1034
378

200213

624
1562

2 5118

1107
0

0

0

0

2875

3822
5852
2532

158604

767

271
457

0
0

41373
15365
63821

1796
9157

12992

151907
238448
103414
532126

1061
2393

lll62
3302

133563

4173

59099

208241
43174
16014
26199
66490
248473
107742
554 275
61622
139258

0

0

0

0

1130

1612

66182

68924

0

0

0

0

7706

11210

464127

983

1398
82

57319

4 83043
59700

218546
291800

8902097
11900880

62
153413
205800

3251

3395
9274056
123 9848.0

°'N
I
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Multiplying these estimates by the inverted MR.IO employment
matrix 7 yields estimates of indirect and induced employment by industry.
Table 12 shows these results.

The first column shows the indirect

and induced employment, by industry, from increased final demand in
Massachusetts for health care.

The second and third columns show

how, through trade, Massachusetts employment is affected by increased
demand in the rest of New England and the rest of the United States.
The fourth column shows the total effect on Massachusetts employment,
by industry, of a program of national health insurance.

Estimates of

employment by industry can be converted to estimates of employment by
occupation by using the industry-occupation matrix.

Estimates of

direct occupational employment have already been made.

The total of

these two sets of employment is the total impact on Massachusetts of
national health insurance.
Results of the Study
An estimated 78,000 jobs would be generated in Massachusetts by

NHI.

This constitutes a three percent increase over 1975 employment.

More than half of the increase would result from indirect and induced
demand generated outside the New England area.

Direct demand would

generate an additional 18,000 jobs in the hospital and physicians'
services industries.

Indirect demand, while not calculated separately,

probably would account for about 20 percent of the total of indirect

7For a description of the MRIO employment matrix, see Appendix D.
The matrix is not included in this report, but has been submitted to the
Massachusetts Division of Employment Security.

TABLE 12 -- INDIRECT AND INDUCED EMPLOYMENT IN MASSACHUSETTS
GENERATED BY DEMAND FOR HEALTli CARE IN THE THREE REGIONS

1 LIVESTOCK,

2
3
4
5

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27

28
29
30
31
32
33
34
35
36
37
38
39
40
41

PRD'IS.
OTHER AGRICULTURE PRDTS.
FORESTRY, FISHERIES
AGRI.,FORES.,FISH. SERV.
IRON, FERRO. ORES MINING
NONFERROUS ORES MINING
CO AL !UlHNG
CRUDE PETRO.,NATURAL GAS
STONE, CLAY MINING
CHEM. ,FERT. MIN. MINING
NEQ CONSTRUCTION
!HINT., REPAIR CONSTR.
ORDNANCE, ACCESSORIES
FOOD, KINDRED PRDTS.
TOBACCO MANUFACTURES
FABRICS
TEXTILE PRDTS.
APPAREL
MISC. TEXTILE PRDTS.
LU!'lBER, WOOD PlitTS.
WOODEN CONTAINERS
HOUSEHOLD FURNITURt
OTHER FURNITURE
PAPER, ALLIED PRDTS.
PAPERBOARD CONTAINERS
PRINTING, PUBLISHING
CUEMICALS,SELECT. PBD!S.
PLASTICS, SYNTUETICS
DRUGS, COSMETICS
PAINT, ALLIED PRDTS.
PETROLEUM, RELATED INDS.
RUBBER, MISC. PLASTICS
LEATHER TANNING, PRDTS.
FOOTWEAR, LEATHER PRDTS.
GLASS, GLASS PRDTS.
STONE, CLAY PRDTS.
PRIMARY IRON, STEEL MFR.
PRIMARY NONFERROUS MFR.
METAL CONTAINERS
FABRICATED METAL PRDTS.
SCREW MACH. PRDTS., ETC.

1

2

EMPLOYMENT FROM
DEMAND IN
MASSACHUSETTS

EMPLOYMENT FRON
DEMAND IN
REST OF N. E.

11
16
10
77
0
0
0
0
2
0
0
16 1
5
309
2
24
15
168
19
3
1
17

1
34
28
157
9
5

24
3
4
55
4
45
1
12
4
4
2
2
6

3

11
11
~

-

4
73
0
0
0

0
2

0
0

143
1
344
1
26
15
201
15
4
1
20
0
48
39
119

9
7
20
5
3
45
6
57

4

EMPLOYMENT FROM TOTAL EMPLOYMENT
DEMAND IN
GENERATED IN
REST OF U.S.
MASSACHUSETTS
59
64
16
203
0

0
0
0
9
0
0
341
23
593
2

591
194
1404
271
52
12
225
5
653
244
478
119
166
471
20
16
907
169
1219

1

11

16

3

52
114
113
41
22

8

136

6

5
3

82
91

30
354
0
0
0

0
14
0

.

0

646
29
1246
5
641
224
1773
305
60
14
262
6

734
311

754
138
178
515
28
22
1007
179
1321
13
79
123
122
47
27
150

°'
""

TABLE 12 -- INDIRECT AND INDUCED EHPLOYMENT IN MASSACHUSETTS
GENERATED BY DEMAND FOR HEALTH .CARE IN THE THREE REGIONS

I
1

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81

OTHER FAB. METAL PRDTS.
ENGINES, TURBINES
FARM MACH., EQUIP.
CONSTRUC. MACH., EQUIP.
MATERIAL HANDLING MACH.
METALWORKING MACHINERY
SPECIA.L MACH., EQUIP.
GENERAL MACH., EQUIP.
l'IACIIINE SHOP PRDTS1
OFFICE, COMPUT. MACHINES
SERVICE IND. MACHINES
ELECT. TRANSMISS. EQUIP.
HOUSEHOLD APPLIANCES
ELECTRIC LIGHTING EQUIP.
RADIO, TV, ETC., EQUIP.
ELECTRONIC COMPONENTS
MI SC. ELECTRICAL MACH.
MOTOR VEHICLES, EQUIP.
AIRCRAP'l, PARIS
OTHER TRANSPORT. EQUIP.
PROFESS., SCIEN. INSTRU.
MEDiCAL, PHOTO. EQUIP.
MISC. MANUFACTURING
TRA NSPORT., WAREHOUSING
COM MUNICA.,EXC. BRDCAST.
RADIO, TV BROADCASTING
EL EC.,GAS,WATER,SAH.SER.
WIIOLESAL E, RETAIL TRADE
FINANCE, INSURANCE
REAL ESTATE, RENTAL
HOTELS, PERSONAL SERV.
BUSINESS SERVICES
RESEARCH, DEVELOPMENT
AUTO. REPAIR, SERVICES
AMUSEMENTS
MED •• EDUC. SERVICES
FEDl:!RAL GOVT. ENTf:RPRISE
STATE, LOCAL GOVT. ENT.
HOUSEHOLD INDUSTRY
TOTAL, ALL INDUSTRIES

El'!PLOH!ENT FROM
DEMAND I'N
MA SSA CH USETTS
18

2
EMPLOYMENT FROM
DEMAND IN
REST OF N. E.
21

1
0
0
0
3 -

2

2

2

1

2
3

2

4
2
4
5
7
9
10
27
10
1
9

64 ·
29
64
160
159
0
146
3424
584
128
289
494
0
103
103
1463
177
29
439
9211

0
0
0
4

2
2

5
2
6
8
12
20
4
1
7
39
40
35
193
190
0
187
4356
749
168
359
683
0
127
124
1789
182
12
88
1069 5

I

, i

4
3
EMPLOYMENT FROM TOTAL EMPLOYMENT
DEMAND IN
GEN ERA TED IN
REST OF U.S.
MASSACHUSETTS
345
384
54
51
0
1
0
0
4
5
99
91
50
53
37
40
58
63
21
27
15
19
125
135
29
36

110

123

229
314
56
143

245
335
102

6

7
91
823
682
856
1648
1102
2
673
15388
4160
566
1909
3049

75
720
613
757
1296
752
2

339
7609
2827
210
1261
1872
0
231
267
9536
451
31

370
39985

..

157

0

461
494
12787
809
78
897
59892

O'I

VI
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and induced employment, or about 12,000 jobs.

The remaining 48,000

jobs would be generated as a result of consumption purchases induced
by the extra income.
The greatest increase in estimated employment occurs in the trade
industry.

However, this is not surprising; the industry is so large

that the increase is only three percent of 1974 employment.

Because

about 60 percent of employment is generated by induced personal
consumption, it is reasonable to expect the trade industry to flourish.
Estimated employment in the professional and scientific instruments
industry, which includes medical equipment, rose by 823, or four
percent of 1974 employment.
Table 12 illustrates the interdependence of the three regions.
It shows that 65 percent of the employment generated in Massachusetts
is from demand outside the state and that only 15 percent of indirect
and induced employment results from demand within the state.
Limitations
The results of the study indicate a substantial increase in
employment in Massachusetts as a result of a program of national
health insurance.

The reliability of these results is a function of

the underlying assumptions of the study and of the present information
available on health care.
three categories:

These limitations can be grouped into

limitations stemming from the availability and

quality of regional statistical information, limitations of the
national study of the impact of NHI, and limitations of the MRIO model.
While many of these points have been made throughout the paper, it is
important to review them.
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Data Limitations
Data collection by the Bureau of the Census and the BLS is an
art that has been developed over many years.
other sources are not as reliable.

Data available from

Appendix E includes a list of all

the apparent inconsistencies encountered when using data from either
public or private sources.

For example, the insurance coverage

information for Massachusetts used in this study probably overstates
the extent of coverage in the state.

However, it is all that is

available at this time.
Regional data on expenditures are almost nonexistent.

Several

years ago, the Commonwealth of Massachusetts conducted a study to
estimate state health expenditures.

But even the individuals who

made the study had little faith in the reliability of many of the
figures.

The costs paid by consumers were probably the most suspect;

yet the change in these costs is the most important variable in
explaining a change in demand as a result of NHI.
One of the principal reasons this study was undertaken was to
demonstrate the impact of NHI on the health-equipment industry in
Massachusetts.

However, data were difficult to obtain for this

industry because it consists of a small part of many different SIC's.
In addition, data for the principal industries in this group were
not available by state due to nondisclosure requirements of the Bureau
of the Census.
National Impact of NHI
The Newhouse, Phelps, and Schwartz study estimates used for
this project were chosen because they were relatively well-documented
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and because a fairly complete analysis was performed.

However, the

entire nonhospital, nonphysician segment of health expenditures--dental,
drugs, appliances, and others--were ignored.

The impacts of inflation,

controls, and supply constraints were also disregarded.

While these

are reasonable omissions given that no specific plan for NHI was being
reviewed, they are limiting.

Although four estimates were given as

ranges in the national study, only the most liberal estimate was used
for the present study.

Thus, the effect estimated by this study may

be considered as an upper limit on the effect of a likely plan.
Limitations of the MR.IO Model
National health insurance was chosen to demonstrate the use of
the MR.IO model.

In general, the problem should dictate the model, not

the model dictate the problem.

The industry and regional detail of

the MR.IO model make it a powerful tool for assessing the regional
occupational employment effects of a program.

It can incorporate all

the indirect industry and regional effects and can be adapted to
include induced consumption effects.

However, as a result of the

difficulties encountered in trying to adapt the problem to the
specific assumptions and definitions of the MR.IO model, a conclusion
must be reached that the medical industry and the impact of NHI are not
the most appropriate candidates for subjects for the MRIO model.

First,

service industries in general are not well-defined in the model.

They

are aggregated into groups of two-digit SIC industries, while manufacturing has detail at the three- and four-digit levels.

Second,

interindustry purchases are not as important a part of the output of

- 69 service industries as of the manufacturing industries.

For physicians'

services, only 20 percent of the value of output consists of interindustry purchases, while about 70 percent is average for manufacturing.
In other words, the additional information gained by using the MR.IO
model over doing simple exogenous estimates is not as great, in this
case, as it would be for a manufacturing industry.
The medical manufacturing industry in Massachusetts is principally
a capital goods industry.

Because the MR.IO model is presently a

static model, it does not include capital flows; thus, exogenous
estimates of investment had to be made.

Even if 1963 capital

flow information had existed, it would have been extremely outdated.
Health technology and the dependence on capital equipment have grown
enormously since 1963; using the model without modification would
understate and distort current effects.
Recommendations
Several recommendations grow out of these final observations.
One is that the MR.IO model is probably an inappropriate analytic tool
for use on most service industries, especially any that are changing
as rapidly as the medical industry.

Second, consistent regional

information on expenditures would be tremendously helpful to regional
analysts for any type of study.

A 1972 version of the MR.IO model,

which will be available in 1979, will provide more recent data, but it
will still be seven years out of date.

While the task of developing

regional trade and technology tables at frequent intervals may be too
great, a method for updating tables of regional production between
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industry censuses would provide current and trend data valuable to
regional planners of all kinds.

Finally, the study would be more

interesting if it were based on an actual proposal.

The same technique

could be applied to national estimates of the impact of the upcoming
Carter Administration NHI proposal.

APPENDIX A
CLASSIFICATION TABLES

- 72 Table .0..-1

INPUT-OUTPUT INDUSTRY NUMBERS, TITLES,
AND RELATED SIC CODES

Industry
Number

Industry Title

013, pt. 014,
0193, pt. 02,
pt. 0729

1

Livestock

2

Other agricultural products

011, 012, pt.
014, 0192,
0199, pt. 02

3

Forestry & fishery products

074, 081, 082,
084, 086, 091

4

Agricultural, forestry,

071, 0723, pt.
0729, 085, 098

5

Iron

6

Nonferrous metal ores mining

102, 103, 104,
105, 108, 109

7

Coal mining

11, 12

8

Crude petroleum

9

Stone & clay mining & quarrying

141, 142, 144,
145, 148, 149

10

Chemical

147

11

New construction

138, pt. 15, pt.
16, pt. 17, pt.
6561

12

Maintenance & repair construction

pt. 15, pt. 16,

&

&

livestock products

Related SIC
Codes (1957
edition)

&

fishery servic~s

ferroalloy ores mining

&

&

natural gas

fertilizer mineral mining

1011, 106

1311, 1321

pt. 17
13

Ordnance & accessories

19

14

Food

20

15

Tobacco manufactures

&

kindred products

21

- 73 Ta~le A-1, continued

Related SIC
Codes (1957
edition)

Industry
Number

Industry Title

16

Broad & narrow fabrics, yarn & thread mills

221, 222, 223,
224, 226, 228

17

Miscellaneous textile goods
coverings

227, 229

18

Apparel

225, 23 (excluding 239), 3992

19

Miscellaneous fabri cated textile products

239

20

Lumber

24 (excluding
244)

21

Wooden containers

244

22

Household furniture

251

23

Other furniture & fixtures

25 (excluding
251)

24

Paper & allied products, except containers
& boxes

26 (excluding
265)

25

Paperboard containers & boxes

265

26

Printing & publishing

27

27

Chemicals & selected chemical products

281 (excluding
alumina pt. of
2819), 286, 287,
289

28

Plastics & synthetic materials

282

29

Drugs, cleaning,

283, 284

30

Paints

31

Petroleum refining & related industries

29

32

Rubber

30

&

&

&

&

floor

wood produ ~ts, except containers

&

toilet preparations

allied products

miscellaneous plastics products

285

- 74 Table A-1, continued

Industry
Number

Related SIC
Codes (1957
edition)

Industry Title

33

Leather tanning
products

34

Footwear

35

Glass & glass products

321, 322, 323

36

Stone

324, 325, 326,
327, 328, 329

37

Primary iron

38

?rimary nonferrous metals manufacturing

2819 (alumina
only), 333,
334, 335, 336,
3392

39

Metal containers

3411, 3491

40

Heating, plumbing, & fabricated structural
metal products

343, 344

41

Scretw machine products, bolts, nuts, etc.,
& metal stampings

345, 346

42

Other fabricated metal products

342, 347, 348,
349 (excluding
3491)

43

Engines & turbines

351

44

Farm machinery

352

45

Construction, mining, oil field machinery
& equipment

3531, 3532, 3533

46

Materials handling machinery

3534, 3535, 3536,
3537

47

Metalworking machinery & equipment

&

&

&

industrial leather

other leather products

clay products
&

steel manufacturing

&

equipment

&

equipment

311, 312
31 (excluding
311, 312)

331, 332, 3391,
3399

354

- 75 Table A-1, continued

Industry
Number

Industry Title

Related SIC
Codes (1957
edition)

48

Special industry machinery & equipment

355

49

General industrial machinery & equipment

356

50

Machine shop products

359

51

Office, computing,

52

Service industry machines

358

53

Electric transmission & distribution
equipment & electrical industrial
apparatus

361, 362

54

Household appliances

363

55

Electric lighting

56

Radio, TV, & communication equipment

365, 366

57

Electronic components . & accessories

367

58

Miscellaneous electrical machinery,
equipment, & supplies

369

59

Motor vehicles & equipment

371

60

Aircraft

372

61

Other transportation equipment

373, 374, 375,
379

62

Professional, scientific,
instruments & supplies

381, 382, 384,
387

63

Optical, ophthalmic, & photographic
equipment & supplies

383, 385, 386

64

Miscellaneous manufacturing

39 (excluding
3992)

65

Transportation & warehousing

40, 41, 42, 44,
45, 46, 47

&

&

&

accounting machines

wiring equipment

parts

&

controlling

357

364
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Table A-1, continued

Industry
Number

Related SIC
Codes (1957
edition)

Industry Title

66

Connnunications, except radio & TV
broadcasting

481, 482, 489

67

Radio & TV broadcasting

483

68

Electric, gas, water, & sanitary services

49

69

Wholesale & retail trade

50 (excluding
manufacturers
sales offices),
52, 53, 54, 55,
56, 57, 58, 59,
pt. 7399

70

Finance & insurance

60, 61, 62, 63,
64, 66, 67

71

Real estate

65 (excluding
6541 and pt.
6561)

72

Hotels & lodging places; personal & repair
services, except automobile repair

70, 72, 76
(excluding 7694
and 7699)

73

Business services

6541, 73 (excluding 7361, 7391,
and pt. 7399),
7694, 7699, 81,
89 (excluding
8921)

74

Research

75

Automobile repair

76

Amusements

77

Medical, educational services,
organizations

78

Federal government enterprises

79

State & local government enterprises

&

&

rental

development
&

services

75
78, 79
&

nonprofit

0722, 7361, 80,
82, 84, 86, 8921

- 77 Table A-1, continued

Industry
Number

Related SIC
Codes (1957
edition)

Industry Title

&

80a

Directly allocated imports of goods
services

80b

Transferred imports of goods & services

81

Business travel~ entertainment, & gifts

82

Office supplies

83

Scrap, used, & secondhand goods

84

Government industry

85

Rest of the world industry

86

Household industry

87

Inventory valuation adjustment

88

Personal consumption expenditures

89

Gross private fixed capital formation

90

Net inventory change

91

Net exports

92

Federal government purchases

93

State & local government net purchases
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In order to use the MRIO model, exogenous estimates must be
consistent with the definitions and concepts of the model.

There are

several aspects of the model that are relevant to this study--those
dealing with industry detail, inflation, secondary products, regional
consumption, and capital purchases.
Industry Detail
The industry detail of the MRIO model is the same as the 79order table from the 1963 national input-output tables (see Appendix A
for an industry list).

Several industries will be affected in this

study, either directly or indirectly.

The principal industry affected

will be I0-77, Medical, educational services, & nonprofit organizations;
this industry includes not only hospitals, physicians, dentists, and
medical laboratories, but also veterinarians, employment agencies,
educational services, and nonprofit organizations.

In 1974 health

services comprised more than 60 percent of the industry's output.
Surgical, medical, & dental instruments & supplies (SIC 384) will also
be affected by the increased demand for health care; however, it is
part of 10-62, Professional, scientific, & controlling instruments &
supplies, which also includes Engineering, laboratory, scientific, &
research instruments & equipment (SIC 381), Measuring & controlling
instruments (SIC 382), and Watches, clocks, clockwork operated devices, &
parts (SIC 387).

In 1972, the output of SIC 384 was 37 percent of the

- 80 output of I0-62.

Other industries, such as Drugs (SIC 283) and Ophthalmic

goods (SIC 385), may also be affected and are each only a subcomponent of
an MRIO industry, the former of I0-29, Drugs, cleaning,

&

toilet preparations;

the latter of I0-63, Optical, ophthalmic, & photographic equipment & supplies.
The full 360-order input-output table provides more detail for
these industries.

In the 360-order table, there are separate industries

for Hospitals (I0-77.02), Doctors & dentists (I0-77.01), and Other
medical & health services (I0-77.03) within I0-77.

SIC 384 is

divided into its three component four-digit industries, 3841 (Surgical &
medical instruments & apparatus), 3842 (Orthopedic, prosthetic, &
surgical appliances & supplies), and 3843 (Dental equipment & supplies).
These data are only available nationally.

However, because the state

input-output tables, for most industries, were assembled using the
national 360-order industry patterns weighted by detailed estimates of
state outputs (see Rowan [21, pp. 22-27]), little accuracy would be
lost by using the 360-order national table for the first round of
expenditures.
Inflation
The 1963 input-output table is stated in 1963 dollars.

The

final demands used with the table must also be stated in 1963 dollars.
In order to deflate the GNP estimates, a unique deflator is chosen for
each industry.

Deflators were provided by the Division of Economic

Growth of the Bureau of Labor Statistics.

The concept of inflation is

difficult to reconcile with the uses and development of an input-output
table.

For example, the deflator for hospitals measures, in part, the

increase in cost of a hospital room.

Hospitals are principally nonprofit;
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therefore, the price rise indicates increased costs.

Higher costs

result from greater interindustry purchases and higher labor costs
(see page 12 for Feldstein's theory of hospital inflation).

Some of

the higher costs result from higher prices, some from a greater quantity
purchased.

Deflating final demand by .the full change in hospital

prices implies there is no increase in real purchases, thus understating the output required to produce a constant dollar of final
demand.

Nevertheless, whenever the commodity inflation represents

more than a simple pass-through of inflation in wages, profits, or
purchased goods, distortions may be introduced by simply deflating
final demand.
Secondary Products
Secondary products create problems with input-output tables,
as they do with any establishment-based statistical reporting system.
An establishment is classified as a single SIC industry, although it may

produce coI!llllodities or services from many SIC industries.

All

products that are not in the primary SIC group are secondary products.
For example, for establishments classified as SIC 384, 85 percent of the
output belongs in SIC 384 [29].

The MR.IO model includes secondary

products by adding the secondary output of other industries to the
output of the primary industry and to final demand.

A secondary product

matrix, cross-tabulating the value of secondary products by the
primary SIC of the establishment in which they are produced, is available
for each region as part of the MR.IO dataset.

Secondary products are

a problem, because the interindustry purchases reflect goods purchased
to produce both the primary and secondary products and cannot be
separated.
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Regional Final Demand
Final consumption, or final demand, is defined not only by
industry but also by state.

The MR.IO model defines the region of

demand as the region in which the product is consumed.

For example,

residents of a state may attend school in another state; their
consumption of educational services is in the state where the
school is located, not in the state of residency.

This is also true

of medical services; if a New Hampshire resident stays in a Massachusetts
hospital, it is considered consumption in Massachusetts.

While this

definition is consistent, any demographically derived consumption
functions for the state based on residency information must be adjusted
to take account of out-of-state consumption.
Capital Purchases
A final but important aspect of the definition of input-output
is the difference in treatment of current account versus capital
account purchases.

Input-output tables include as interindustry

purchases only purchases on current account and exclude durable
equipment and plant in the body of the table.

Annual gross investment

is a category of final demand, while current year depreciation is
included as part of value added.

When modeling a change in output

resulting from a change in final demand, it is important to note that
the change in output will not include the additional output of capital
goods industries and the construction industry necessary to expand
capacity to produce the additional output,

Exogenous estimates of

capital investment must be included as final demand in order for output

- 83 to reflect induced investment.

The national capital flow matrix,

which is a cross-tabulation showing the producer and purchaser of
capital goods, can be used to estimate investment exogenously; by
assuming certain capital-to-output relationships, final demand for
capital goods, by industry, can be estimated.
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APPENDIX C
CALCULATING THE IMPACT OF NATIONAL HEALTH INSURANCE
The detailed step-by-step calculations made for this study are
given here.
Step 1.

Two sets of data were obtained from the Newhouse,

Phelps, and Schwartz study [20].
A.

Percentages of total physician and hospital demand:
Inpatient physician is 40 percent of total physician demand.
Outpatient physician is 60 percent of total physician demand.
Hospital inpatient is 90 percent of total hospital demand.
Hospital outpatient is 10 percent of total hospital demand.

B.

Percent increases in demand:
25 Percent Coinsurance
Full Coverage
Conservative Liberal Conservative Liberal
Physician
Outpatient

30

50

75

125

Ancillary

15

25

37

63

0

8

5

15

Inpatient, hospital *
and physician,
assumed equal

*Includes
Step 2.

a 2 percent inflation in hospital costs.

The percentage change in insurance coverage was assumed

to increase to 100 percent from the percentages shown in Table 3 in the
text.
Inpatient

Ambulatory

United States

13. 5

17.6

Massachusetts

3.1

0.9

Rest of New England

7.4

7.8

14.0

18.6

Rest of United States

- 86 Step 3.

Elasticities with respect to insurance were calculated

for the United States as a whole:
percentage increase in demand (Step lB)
percentage increase in insurance coverage (Step 2) •
Liberal Estimate of
25 Percent Coinsurance Plan

Physician outpatient

2.84

Ancillary

1.42

Inpatient, hospital, and
physician

0.59

Step 4.

The percentage increase by region was calculated, based

upon a constant elasticity and tGe 25 percent coinsurance plan: elasticity
(Step 3) times percentage change in coverage (Step 2).
Massachusetts

Rest of
New England

Rest of
United States

Physician
Outpatient

2.6

22.2

52.8

Ancillary

1.3

11.1

26.4

Inpatient, hospital,
and physician

1.8

4.4

8.3

Step 5.

The percentage increase in demand for hospitals and

physicians' services was calculated:

percentage increase in demand

(Step 4) was allocated by the proportions of hospital and physicians'
services that made up inpatient and outpatient care (Step lA).

Massachusetts

Rest of
Rest of
New England · United States

Hospitals

1.8

5.1

10.1

Physicians

2.3

15.1

35.0

- 87 Step 6.

An estimate was made for increase in demand for

hospitals and physicians in 1975 dollars for the liberal estimate of
25 percent coinsurance plan (shown in millions):

baseline expenditures

(Table 5 of text) times percentage increase (Step 5).
Massachusetts

Rest of
New England

Rest of
United States

Hospitals

38

82

4,497

Physicians

15

115

7,525

Step 7.

Additional expenditures generated by the full coverage

plan over those generated by the 25 percent coinsurance plan were
calculated for the liberal estimate:

baseline expenditures (Table 5 of

text) times percentage increase (Step lB).
Percent Increase in
Full Coverage Minus
Percent Increase in
25 Percent Coinsurance

X

Inpatient
Hospital
.15 - .08

=

.07

Outpatient
Ancillary
Step 8.

1.25 -

.so =

• 63 - .25

=

Increase
($1975)

46,248

=

3,237

8,218

=

575

X

Inpatient
Physician
Outpatient
Physician

1975
Estimates

.75

X

11,705

=

8,779

= .38

X

4,977

=

1,891

Per capita increase of full coverage plan over 25

percent coinsurance plan ($1975) was calculated:

expenditures from

Step 7 divided by 1975 population for the United States.
Inpatient Hospital
Inpatient Physician
Outpatient Physician
Outpatient Ancillary

$l 5 .i 9}Physician (inpatient plus $43 _89
outpatient)
$ 2.70

$4 Ll 9}Hospita
. 1 (i npatient
.
1
pus
$ •
outpatient ancillary)
8 87
\

$24.06
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Step 9.

The regional increase of full coverage plan over

25 percent coinsurance plan was calculated assuming equal per capita
increase:

regional population times per capita increase (Step 8)

(millions of 1975 dollars).
Massachusetts

Rest of
New England

Rest of
United States

Hospitals

140

153

4,834

Physicians

256

280

8,819

Step 10.

The total increase in demand for full coverage plan,

liberal estimate, was determined:

increase of 25 percent coinsurance

plan (Step 6) plus increase of full coverage plan (Step 9).
Massachusetts

Rest of
New England

Rest of
United States

178
271

235
395

9,331
16,344

62
147

82
214

3,251
8,863

8.5
40.8

14.7
52.0

21.0
76.0

Millions, $1975
Hospitals
Physicians
Millions, $1963
Hospitals
Physicians
Percent Increase
Hospitals
Physicians

- 89 Step 11.

An estimate was then made of the increase in direct

employment in Massachusetts, using the following information.
A.

Massachusetts total employment, 1974
Hospitals
Offices of Physicians

B.

132,087
17,560

Increase in Massachusetts total employment, 1974: percentage
increase in demand (Step 10) times 1974 employment (Step llA).
Hospitals
Offices of Physicians

C.

11,227
7,164

The Massachusetts industry-occupation patterns were multiplied
by the increase in employment. The following table shows
the increase in demand for selected ·occupations or groups
of occupations.
Occupation
Total, all occupations
Physicians
Registered Nurses

Increases in Employment
Hospitals
Offices of Physicians
11,230

7,160

370

2,570

2,100

540

Therapists

190

*

Clinical Lab Technicians

390

70

Radiologic Technicians

190

100

Other Health Technicians

190

*

Other Professional,
Technical

710

130

Health Administrators

280

Medical Secretaries

180

1;340

Other Secretaries,
Stenographers

360

1,190

Other Clerical

990

680

Craftsmen and Kindred

310

*
*

Nurses Aides, Orderlies
Health Aides, Except
Nursing

1,280

*

380

190

Practical Nurses

1,170

90

Other Service Workers

1,140

200

*Less than 50

Step 12.

The impact on the health-supply industry was determined as follows.

A.
SIC (IO)
Number

Title

National
Shipments ($1975)
Millions
(1)

Proportion
of Output
Sold as GPFCF *

(2)

Proportion
of GPFCF
Sold to IO- 7 7
(3)

Estimated
Investment by
Hospitals, Health
(product of columns
1, 2, 3)

SIC 3693 X-ray, electromedical,
& electrotherapeutic
apparatus industry

860

0.55

0.81

$383

SIC 3841 Surgical & medical
instruments & apparatus
industry

1,590

0.58

1.00

922

SIC 3842 Orthopedic, prosthetic, &
surgical appliances &
supplies industry

2,000

0.05

1.00

100

$

'-0
0

I

SIC 3843 Dental equipment & supplies
SOURCES:

660

Dental equipment assumed not affected by NHI.

Column 1, U.S. Department of Commerce. U.S. Industrial Outlook, 1977. GPO, 1976.
Column 2, U.S. Department of Commerce, Bureau of Economic Analysis. Input-Output Structure of the
U.S. Economy: 1967. Vol. 1, Transactions Data for Detailed Industries. GPO, 1974.
Column 3, U.S. Department of Commerce, Bureau of Economic Analysis. Inter-Industry Transactions in
New Structures and Equipment, 1963 and 1967. Vol. 1. GPO, 1975.

*GPFCF = Gross Private Fixed Capital Formation

B.

Investment was converted to 1963 dollars using deflators.
SIC 3693
SIC 384

** SIC

X-ray, electromedical, & electrotherapeutic apparatus industry
Surgical, medical, & dental instruments & suppliesro'c

3841 plus 3842.

$265
$706

- 91 Step 13.

The percentage increase in demand for medical equipment

capital goods was assumed to equal the percentage increase in demand
for hospitals.

Demand for hospital services will rise by 19 percent

in the United States as a whole.

Using information from Step 12B,

and this percentage, the increment to demand, nationally L(millions of
1963 dollars), was calculated to be the following.
SIC 3693
SIC 384

Step 14.

X-ray, electromedical, &
electrotherapeutic apparatus industry

$ 50

Surgical, medical, & dental
instruments & supplies

$134

These figures were allocated to the regions based

upon regional increases in hospital demand.
Increase in
Increase in
Hospital
Investment Demand
Demand
SIC 3693
SIC 384
(millions of 1963 dollars)
Massachusetts
Rest of New England
Rest of United States
Total

$

178

$ 1

235

1

3

9,331

48

129

$9,744

$50

$134

$

2

APPENDIX D
USING EMPLOYMENT MULTIPLIERS
FOR MASSACHUSETTS AND NEW ENGLAND

- 93 -

APPENDIX D
USING EMPLOYMENT MULTIPLIERS
FOR MASSACHUSETTS AND NEW ENGLAND
The use of the detailed MR.IO employment multipliers for
Massachusetts and New England is explained in this appendix.

Due to

their length, the multiplier tables are not included in this paper, but
a copy has been provided to the Massachusetts Division of Employment
Security.
Employment multipliers show the number of employee-years required
in each industry and region to supply a billion dollars of final demand
in a specific region for the product of a specific industry.

The

tables are derived from the partially closed MR.IO model and thus
include not only the primary impact of final demand, but also the
impact of additional personal consumption induced by the final demand.
In addition to induced consumption, they include the feedback effects
through interregional trading.
The first table, "Employment for Massachusetts per$ Billion
GNP,"

is an 80 x 240 matrix.

The rows indicate the Massachusetts

industry that will employ additional people to produce the increased
output.

The columns indicate the industry and region of origin of

the final demand:

columns 1-80 show the Massachusetts employment

generated by final demand in region 1 (Massachusetts) for input-output
industries 1 through 80; columns 81-160 show the Massachusetts employment
generated by final demand in region 2 (the rest of New England) for
input-output industries 1 through 80; and columns 161-240 show the
Massachusetts employment generated by final demand in region 3 (the
rest of the United States) for input-output industries 1 through 80.

- 94 As an illustration of the use of this table:

The effect on

Massachusetts industry employment of, say, an additional billion
dollars of final demand for food products can be estimated.

Because

of direct, indirect, and induced effects, output will have to be
increased in all industries, and additional workers will have to be
hired.

However, the impact will vary depending upon the geographic

origin of that final demand, generally being greater if the demand is
within the region or in a neighboring region.

The employment impact of

this relationship is illustrated in Table D-1, using data abstracted
from the larger table.
The second large unpublished table, "Employment for New England
per$ Billion GNP," is also an 80 x 240 matrix.

The rows indicate the

industries in the rest of New England (Connecticut, Maine, New Hampshire,
Rhode Island, and Vermont) that will employ additional people to
produce the increased output.

The columns represent the same industry

and regional final demand as the Massachusetts table.
The tables have obvious applications for employment planning.
They can be used to estimate the industry and state employment change
that would result from a federal, state, or local government expenditures
program or from an exogenous change in private consumer or private
investor demand.

For example, to estimate the impact on employment

in Massachusetts of an exogenous increase in auto demand (sales) of
a half billion dollars (constant 1963 dollars) in Massachusetts,
column 59 of the Massachusetts table should be multiplied by 0.5
[in the case o.f industry 12, Construction, 17 employee years would be
generated, and a total of 2,530 (row 81 x 0.5) employee years would
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Table D-1
REGIONAL EMPLOYMENT MULTIPLIERS
IMPACT ON MASSACHUSETTS EMPLOYMENT OF $1 BILLION
FINAL DEMAND FOR FOOD PRODUCTS
(Number of Employees)

· Massachusetts
Employment Generated
in Industry Number
(Rows)

Total
NOTE:

SOURCE:

Demand in
Massachusetts
(Col. 14)

Demand in
Rest of
New England
(Col. 94)

Demand in
United States
(Col. 174)

1

267

217

18

2

196

152

12

14

10·, 255

7,490

94

69

4,138

(1-80)

22,156

4,195 .
19,185

406
1,924

These columns and rows have been excerpted from the 80 x 240
Massachusetts employment matrix to illustrate the impact of
$1 billion of final demand for I0-14, Food & kindred products.
Rowan, Ruth E. "Industry Employment Projections: An MR.IO Model
Simulation." Prepared for the Massachusetts Division of
Employment Security, December 1976 (revised), p. 76.

- 96 be generated for all industries in Massachusetts}.
The figures in row 81, total employment required, show
that an increase in final demand in Massachusetts can have widely
varying employment impacts, depending upon the labor intensity of
the industry and upon how much of the final demand is satisfied by
production in other regions.

Besides the gross employment impact

of the final demand, the impact on specific industries varies
drastically, and this table can be used to pinpoint possible bottlenecks in industries within the state, both in industrial capacity
required and in labor skills necessary to staff those industries.
The tables were developed directly from the inverse of the
MR.IO model.

The inverse matrix is used to estimate output in the

following manner:
(1)

where
~Xis change in output;
~Y is change in final demand; and
(C

-1

A

- A)

-1

is the inverted MRIO matrix.

Employment estimates for Massachusetts and New England were assembled
for wage and salary employment by industry for 1970, principally from
unemployment insurance data (see Appendix B of "Industry Employment
Projections:

An MR.IO Model Simulation" [21]).

model are estimated in constant 1963 dollars.

Outputs from the MR.IO
Employment-to-output

ratios (eo. ) were developed for Massachusetts and New England using
1S

1970 employment and 1970 estimated output figures from the MRIO model
(eo.

1S

= e.1S /x.1S ).

Modifying equation (1) gives:

- 97 (2)

where
6E is change in employment; and
EO is a matrix with employment-to-output ratios on the diagonal.
Equationa)relates a change in employment directly to a change in
final demand.
EO(C

-1

~

- A)

-1

The employment multipliers are simply the product
scaled to represent the number of employee-years per

billion dollars of final demand.
Table D-1, "Industry Manpower Factors," in the Factbook for
Estimating the Manpower Needs of Federal Programs [33], is similar in
concept to the employment multipliers, or factors, in this report.
However, there are several distinctions.

The Factbook demand

components are different and include a considerable amount of detail
on government purchases.

The unpublished tables submitted with this

report show the regional impact of final demand alternatives, while
the Factbook factors show national employment changes.

The employment-

factors, or "multipliers," concept used in this report includes
an estimate of the induced consumption effects, while the Factbook
tables include only direct and indirect demand.
includes investment induced by final demand.

Neither set of factors
,
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APPENDIX E
DATA PROBLEMS AND INCONSISTENCIES
1.

Insurance coverage for Medicare has more over-65 enrollees

in the rest of New England than population over 65.
2.

Private hospital insurance supposedly covers 98 percent of

the Massachusetts population under 65.

This is very unlikely, since

it is usually provided by employer~ and 10 percent of the labor force
was unemployed.

According to the table in the Sourcebook of Health

Insurance Data, 1976-77, the data were adjusted from a place-ofemployment to a place-of-residence basis [14].

However, Mr. Muscow

from the Health Insurance Association of America clarified this.

The

method used to adjust from a place-of-employment to a place-ofresidence basis was simply to assume that no more than 98 percent of
the resident population was covered; if the coverage figures implied
a higher ratio, they were lowered to 98 percent, and the remaining
insurees were distributed among the other states.
3.

In the Massachusetts White Paper, physicians' services in

1973 were estimated as $468 million, or $81 per person [17].
the figure was $17,518 billion, or $83 per person.

Nationally,

In 1973, Massachusetts

had 222 physicians per 100,000 residents, while the United States as
a whole had 161 per 100,000.

The physicians-expenditures figure for

Massachusetts is thus probably understated.
4.

For Medicaid, no estimates of eligibles are made nationally.

For Massachusetts, no data on the annual number of recipients exist,
but it is probably about 800,000.

New Hampshire and Maine have figures

for annual recipients, average monthly recipients, and eligibles.

- 100 The estimates are:
Annual
Recipients
New Hampshire
Maine

Average
Monthly
Recipients

Eligibles

49,131

21,224

40,000

126,091

58,074

99,000

That the number of eligibles for both states is lower than the number
of annual recipients means either:
(a)

that turnover is very high, at least 25 percent;

(b)

that some recipients are not eligible for benefits; or

(c)

that some or all of the estimates are wrong.

5.

Sales of the medical instrtllllents industry, defined as

SIC 3693 and 384, were $1,536 million in 1967 • . The Arthur D. Little
(ADL) study contains an estimate for "Biomedical Instruments Industry"
sales of $453 million in 1968, which is defined as "only one small part
of the Standard Industrial Classification (SIC) category" [15].

However,

the study indicates that over 100 Massachusetts firms are engaged in
this industry and employment in this industry is 12,000 to 15,000.
The 1967 Census of Manufactures lists only 73 establishments in SIC 3693
and 384 in Massachusetts, employing 3,000-4,000.

The ADL figures

include both firms outside the aforementioned SICs, as well as those
whose primary product is not biomedical instruments.

However, the

figures could not be duplicated, nor could the source of the information
be ascertained.
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